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EDITOE’S PREFACE. 


The idea of a series of books on Electro-Chemistry emanated 
not from me, but from Messrs. Constable. Some years back 
I "wrote for them a book called “Practical Electro-Chemistry,’’ 
intended to cover a great part of the ground of knowledge 
■fclaen extant. Fortunately, knowledge has a habit of gro"wing 
and of propagating its kind, and my book, in consequence of 
"tliis, became a “ back number’’. 

The subject of Electro-Chemistry is so ramified and 
specialised that it was impossible for one man to make a 
snrvey of the whole field. This fact is the genesis of the 
present series in which those who have accurate and intimate 
knowledge of the various branches of electro-chemistry have 
■nndertaken the work for which they are particularly qualified. 
It will be readily understood that, as the series of books was 
started at an early period of the war, many contributors were 
engaged in work of ntitional and primary importance, and 
were xmable, however willing, to apply themselves at the 
naoment to exacting literary work. But this difficulty was 
gpradually overcome, as some prospect of a period to the 
struggle came within view, with the result which the reader 
will judge with consideration for the onerous conditions 
"un^r which my contributors have wrought. 

The monographs resulting feom their labours speak for 
themselves, and if the educational advantages which I have 
obtained from reading them during their passage through 
the press is shared by the public, I believe that the thorough 
aind modem work of my friends and collaborators will be 
appreciated, and such faults as there be will be attributed to 
the person ultimately responsible—the Editor. 





AUTHOE’S PEEFACE, 


Bveb since the time of its discovery Ozone has attracted the 
attention of chemists, physicists, and industrialists alike. 
To th.e former it presented the first example of a gaseous 
aUotrope of an element, differing from oxygen in many 
remarkable ways. The physicist feequently came in contact 
with the substance in his investigations on the conduction 
of electricity through air, whilst the industrialist was not 
slow to avail himself of an oxidising agent, unsurpassed in 
strength, leaving no objectionable material in its wake, and 
at the same time easy, if indeed somewhat expensive^ to 
manufaeture. 

The angle from which Ozone and its modes of prepa¬ 
ration was regarded by these three different sets of investi- 
gatore naturally ^varied, and an endeavour has been made in 
the following pages to summarise and correlate the many 
different references which are to he found scattered over a 
wide field of literature. The merest survey, however, was 
sufficient to indicate that our knowledge of Ozone, its pro¬ 
perties and modes of formation, is exceedingly scanty. The 
industrialist is ever at band with extravagant claims as to 
the utility of electrified oxygen^'; the evidence as to the 
chemical behaviour and properties of ozone is somewhat 
meagre and frequentiy conflicting, for example, the existence 
of the ozonates and of oxozone siili awaits confirmation; 
whilst the hypotheses advanced to explain the mechanism 
of its formation, either chemical, thermal, electrolytic, or 
photo-chemical, are purely speculative. Ozone is generally 
1^ meaujt of the dtectric discharge, the 
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Aladdin’s lamp of synthetic ehemmfry, fur whir-h nu ♦t;>. 
factory “modus operandi’’ has hwn MinuNir.l, sv 
appearing to result from a comhinatiftn t>i pin-tn., i,.iu .4 
action and electron emission. 

A study of the ultra-violet spoetnuii of n%yi:<->! i*. 

allotropes gives us an insight into thr* vanuti- {»h s < In or.. * 
actions involved, and qnantitativi: reia{iun«,hsj> jo 4 '. * ■ . < 

tained by an application of the liir.nry . :ti , !.■ ntoe 

time the study of the disinUtgration or ■ynih<#::= .} t}j. 
molecules by electron emission is »h yet in it'! jof oh -v 

The work of Sir J. J. Thomson nt ihr ('i-' s i, J 
Laboratory on the subject of {ht»rin!onr« hat . ! 3 { 

new vista of electro-chcniical roHi-areh, for i« 
that the elements, including oxygen, mn o<,e , ol) ms 
the form of allotropes, but also m a!lo(r<»juc io<fh};'«tj"» i, 
possessing electrical charges. It remains fur lie* fmor*- to 
reveal the influence of these charges on rhenio a! r-.oSr.itv 
Thanks are due to those who have hwn kusd i n-n-li to 
place material dealing with the applicatioiw of or-!m- «t my 
disposal, and if the following pages can a#«a«i m sSiojinJaisog 
research both scientific and U'chincal in ihw, on** i.f ih, *»5 
interesting branches of electro-chemistry, Urn *4»sw i *4 Uu- 
writer will be fully attained, 

KfifC K. HliiKAt. 
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OHAPTEE I. 

OZOME. 

EA.RLT History. 

In’ 1783 Van Mairam, a Dutcli philosopher, noticed that the 
air in the neighbourhood of his electrostatic machine (now 
in the museum at Haarlem, Holland) acquired a marked and 
characteristic odour when subjected to the passage of a series 
of electric sparks. Cruickshank in 1801 likewise drew at¬ 
tention to the fact that the oxygen gas produced by the elec¬ 
trolytic decomposition of dilute acids under certain conditions 
was possessed of a similar odour. 

These two investigators merely chronicled the results of 
their experiments, and did not pursue their inquiries to 
elucidate the origin of the odoriferous substance. Schonbein, 
in a memoir presented to the Academy at Munich in 1840, 
recognised that the smell noted in air subjected to the spark 
discharge, and in the oxygen generated by electrolysis, was 
due to the presence of a new gas, to which he gave the name 
o^aone {^^€ 0 —to smell), he also showed that ozone was 
formed in certain processes of antoxidation, notably by the 
action of air on phosphorus, but failed to establish the exact 
nature or composition of this new substance. 

We shall ha7e cause to observe, when discussing the pro- « 
cesses of autoxidation, the development of Schonbeihs hypo¬ 
thesis in that ozone or active oxygen is produced with its 
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electrical isomer ‘"antozone” by the disruption of the neutral 
oxygen molecule— 

+ 

O 2 O' ozone + 0 antozone. 

This hypothesis naturally led to the division of peroxides 
into two groups, the ozonides and the antozonides, and to 
an extended search for the two active electrically charged 
forms of the oxygen atoms. 

Various other speculative hypotheses were made as to 
the composition of ozone, all unsupported by experimental 
evidence, thus, Williamson suggested that it might be gase¬ 
ous hydrogen peroxide, and Baumert considered ozone to be 
an oxidised form of hydrogen peroxide, i.e. HgOg. 

^ Becquerel and Preny first showed that oxygen could be 
completely transformed into ozone, thus proving that ozone 
was an allotropic modification of this element. 

These experimenters effected the conversion of oxygen 
into ozone by the passage of a stream of electric sparks 
through the gas, the ozone formed being continuously re¬ 
moved by means of a solution of potassium iodide. In this 
way all the oxygen originally in the tube ultimately disap¬ 
peared. 

Andrews, Tait and Soret C.E.,” 1876) took up the in¬ 
vestigation at this stage, and by the following experiments 
proved that the allotrope was actually a condensed form 
of oxygen:— 

A tube of volume V connected to a sulphuric acid ma¬ 
nometer and containing oxygen gas was submitted to the 
action of the spark discharge when a contraction in volume v 
was recorded on the manometer. On heating up the tube to 
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270° C. the ozone was destroyed and the gaseous mixture then 
occupied its original volume V. 

Soret showed that no change in the volume of the ozonised 
oxygen (V - v) took place when the gas was exposed to 
potassium iodide or metallic silver, nevertheless the ozone 
was destroyed. 

When, however, the gas mixture was exposed to turpen¬ 
tine a further contraction in volume was observed, the final 



volume being Y - Sv where v was the volume contraction on 
ozonisation. 

As a result of the experiments Soret came to the conclusion 
that the molecule of ozone consisted of three atoms of oxygen, 
three volumes combining to give two volumes of ozone— 

3O2 =» 2O3, 

since the volume contraction v on ozonisation is clearly equal 
to one-third of the oxygen converted into ozone (or one-half 
of the resulting ozone), which is subsequently absorbed by 
the turpentine. Further, that when ozone reacted with 
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potassium iodide or metallic silver it liberated an equal 
volume of oxygen :— 

O 3 + 2Ag = AggO + Og. 

Soret ascribed the structural formula O—0 to the tri- 

\/ 

0 

atomic allotrope of oxygen, and confirmed the existence of 
ozone by a determination of its density. The theoretical 
density of ozone at N.T.P. should be equal to one and a half 
times that of oxygen, and this value was obtained by Soret 
and Otto by several different methods, which may be briefly 
described :— 

A glass globe of about one litre was filled with pure dry 
oxygen at a determined temperature and pressure; and 
subsequently weighed; the oxygen was then displaced by 
ozonised oxygen reweighed, and the weight of ozone in the 
flask determined by titration with iodine and sodium thio¬ 
sulphate. 

If V be the volume of the globe, containing w grams of 
oxygen of density and w + w'loe the weight of the ozonised 
oxygen in the globe, where h is the density of ozone, and v 
and w" the actual volume and weight of ozone in the globe, 
then 

(i) w? + + (V - v)J, 

(ii) w" == vB, 

(iii) w = AY, 

From (i) v{B - A) ^ w + w' - AY ^ w\ 

hence :— B ^ = w" 
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From two (lotcrnamitumH Otto ofttiiim'*! tin' vi»iii« t l>>r !!»' 
ratio 2 

s i fj - 0 t)0;M ami I » -I- 

or the density of os'.one was pniftinally ora* and a halt lim« 
that of oxygen, 

Dk.ssity iiy Itit'i i sroN. 

Horet showed that th«- rate of Irafisjiiraifori thfoii-di a 
small aperture of tlie purest «iz»»ne whu h he rouhi ohtaiii tva** 
intermediate ladwecti the. valiU'S ohtaiinal for «dilorin« mid 
carbon dioxide. Iiy applying Clrahaiu's law t«« tlie 
obtained for the time of triiiispiration »tf o'/.«»iie and nirlsai 
dioxide, taking t' as the tiini! of traiiHpiration f«ir a vtilinnu of 
carbon dioxide of density zf, and t. for an i!*pml voinnie of 
ozone of density B, 

V ' f 

the valutj 3 '5.54 was obhuned, taking oxygen a« lunty I ,a4rn. 
burg (“ Ber.," IfM)!.) at a later date obtained the value 1 .'MEih 
for an ozonised ijxygen eimtaining per rent . o/oti«», 

We have already referred to Horid's early «’i8,jwtn»H''nP* «im 
the cornpirison of tlm vtiluinMii (ieeup«»l by WMgbt** «if 
oxygen and ozone, in which the ozone formed from a known 
quantity of oxygen was n*inov»«l by alworption m tnrjw nln** 
B’romthe results of seven experinieiits Hotel oblamed * mean 
value differing by tmly 2-7 per msnt. fmiu the iheorr iieai 

Phvsical PMoi*KKTir,a or (izojfg 
Ozone pmmfimt% a strong p»;netrat>ng ami rhAraetefi*,ii, 
odour which can Im detected in concontralinna of one pari m 
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a million of air. We may note that there is no unanimity in 
describing this odour, since it has been likened to sulphur, 
chlorine and phosphorus (presumably undergoing oxidation 
when ozone itself would actually be present); other observers 
have compared it to dilute oxides of nitrogen, whilst De la 
Coux likens it to lobster. 

Dilute ozone is practically colourless, but when viewed 
through a tube five or six feet long it is found to give a Bky 
blue tint to the column of air. 

Hautefeuille and Cbappuis C C.E.,^’ 94 , 1249, 1882) ob¬ 
tained liquid ozone by compressing ozonised oxygen to 125 
atmospheres at a temperature of - 103'" C. Liquid ozone m 
soluble in liquid oxygen, and Ladenburg (‘'Ber.,'’ 31 , 2508, 
1898) obtained a mixture of liquid ozone and oxygen, con¬ 
taining 84’4 per cent, ozone by passing a current of ozoniBcd 
oxygen through a tube cooled in liquid oxygen, whilst 
Goldstein ('‘2Ieit Elektrochem.,'' 50 , 972, 1903) obtained 
pure liquid ozone by immersion of a double walled quartz; 
mercury vapour lamp in liquid oxygen. When a small 
quantity of oxygen was admitted into the vacuous space ifc 
was rapidly ozonised by the ultra-violet light emitted by ttia 
mercury vapour and condensed in the form of small drops* 
the pressure rapidly fell and fresh oxygen could theix be 
admitted. Dewar likewise obtained practically pure liquid 
ozone by the careful fractionation of liquefied ozonised oxygen. 
Liquid ozone, which is very liable to explode if accidenta^lly 
brought into contact with a trace of organic matter or if this 
temperature be allowed to rise, is a dark blue liquid, opaque 
in thickness exceeding 2 mm. Olszewski C'Monatsh.,” S, 109, 
1887; Ann. derPhysik,'’ 3 , 31,1887) gave the boiling-point 
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at --106^ C. to - 109° 0., whilst Troost C‘C.K./’ 126 , 1751, 
1898) determined it at - 119° C. 

The formation of ozone from oxygen is accompanied by 
the absorption of heat and the instability of liquid ozone 
and the gas at ordinary temperatures is doubtless occasioned 
by its strongly endothermic nature. 

2O3 = d02 + 2Q. 

The lowest value of Q, the heat of decomposition per gram, 
mol. of ozone, is recorded by Hollman in 1868 as 17,064 
calories, later determinations by Berthelot (1876) gave 29,600, 
Van de Meulen obtained values between 32,600 and 36,000, 
whilst Eemsen gives the highest value of 36,600. The most 
recent observations of Jahn Zeit. Anorg. Chem.,” <5o, 357, 
1908, and 68 , 250, 1910) give 34,000 (see p. 45). 

Ozone is soluble in water, but wide discrepancies are found 
in the published figures, doubtless occasioned by partial de¬ 
composition during solution. 

Schone (“Ber.,'' 6 , 1224, 1873) obtained the value for the 
solubility coefGicient at 18° C. of 0*366, McLeod at 14° G. 
0*2795, Carius (''Ann.,” 174 , 30, 1874) at 1° C. 0*834, Laden- 
burg ("Ber.,” 31 , 2510, 1898) gave the solubility at 12 ° C. as 
0*01 per cent, by volume, whilst Mailfert (" C.E.,’' 119 , 951, 
1894) gives the following values for the coefficient:— 


Temp&mture. 

0 ° 0 . 
11 - 8 ° 

15° . 

19° . 

27° . 

40° . 

55° . 

60° . 


Coefficient of 
Solubility, 

. 0*64 

. 0-5 . 

. 0-456 

. 0-381 

. 0-27 

. 0-112 
. 0081 
. 0 










8 


OZONE 


about fifteen times the values obtained for oxygBn. ^dTotif- 
gang (“Woch Brauerei," 28 , 434, 1911) determined the 
following values : 10 mgm. per litre at 2° C. and 1’5 mgm. at 
28° C. 

In dilute solutions of sulphuric acid (0*03 - 0*09 per cent.) 
the coefficient of solubility is somewhat higher, as is indicated 
by the following figures :— 

Temperaime. Coefficient of 

Solubility. 

SO® 0,.0*240 

33°.0*224 

49^.0*156 

67°.0*096 

Rothmund ("Nernst Festschrift,'" 391,1912) has indicated 

that the above figures are in all probability too low owing to 

the decomposition of ozone occurring during the estimation 
of the solubility. He found that this decomposition was 
remarkably small in O'l N. sulphuric acid at 0° C. and obtained 
a value 0"487 for the absorption coefficient at this tempera¬ 
ture ; when corrected for the salting out action of the sul¬ 
phuric acid the coefficient in water would be equal to 0*4:94. 

Ozone is soluble in acetic acid, acetic anhydride, ethyl 
acetate, chloroform, and carbon tetrachloride (Fischer and 
Tropsch, ‘'Ber./" 5 o, 765,1917), forming blue solutions whiich 
are fairly stable. Solutions of ozone in carbon tetrachloride, 
in which the solubility is seven times that in water, do not 
undergo decomposition for twenty-four hours. 

The decomposition of ozone (see p. 183) is frequently ac¬ 
companied by a phosphorescence noted by Dewar when pass¬ 
ing ozonised air through a capillary opening, and by Otto in the 
action of ozone on water containing traces of organic matter. 
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A vivid phosphorescence is likewise obtained when a hot 
glass rod is brought near the surface of liquid oxygen contain¬ 
ing ozone (‘"Beger. Zeit. Elektrochem./' i6, 76,1910). 

E. S. Strutt (“ Proc. Eoy. Soc.,’’ 85 , 10, 1911) has ex¬ 
amined a number of cases of phosphorescent combustions, 
especially marked in vacuum tubes containing ozonised air 
under low pressures. Phosphorescence was noticed during 
the oxidation of a number of substances by ozone, amongst 
the more important being nitric oxide, sulphur, hydrogen 
sulphide, ethylene, and iodine. The spectroscopic examina¬ 
tion revealed a banded spectrum in the majority of cases, but 
occasionally continuous spectra were obtained. 

The spectrum of ozone is exceedingly complex and has 
been the subject of numerous investigations. 

Chappuis (‘'C.E.,’' 94 , 868,1882) found eleven lines lying 
in the region X = 628*5 fifM and X = 444 fifi in the visible 
spectrum, those lying on either side of the sodium lines being 
particularly distinct and characteristic, X = 609*5 - 595*5 
and X = 577 to 560 fifjb, Schone (“ Zeit. Anorg, Chem.,” 6 , 333, 
1894) added two to the above number, whilst Ladenburg and 
Lehmann ("‘Ber.,'' 4 , 125, 1906) noticed a line in the red 
portion of the spectrum. 

J. Stark (‘‘Ann. der Physik,” 43 , 2, 319,1914) has shown 
that the ozone molecule gives rise to many bands lying be¬ 
tween the visible green and the ultra-violet, X = 210 /a/x. The 
bands of long wave lengths were found to be resolvable into 
line series. 

Certain lines attributed to the ozone molecule are fre¬ 
quently caused by other allotropes of the element, either of 
elementary oxygen in the monatomic or diatomic form, 0 or 
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O 2 , or of those substances when charged. Thus Stark JPhys. 
Zeit,” 14 , 720, 1913) has shown the existence of two distinct 
arc spectra of oxygen attributable to the substances O 3 and 
62- 

The line in the visible red of the spectrum noticed by 
Ladenburg and Lehmann (loc. cit) is possibly not due to ozone 
but to another allotrope of oxygen, viz. oxozone, O 4 ; whilst 
the existence of a band in the infra red or thermal region at 
\ = 1040 iijjb has been claimed for ozone but has not received 
confirmation. 

The lines of the oxygen spectrum at the negative electrode 
of a discharge tube were examined by Schiister, Steubing and 
F. Croze C'C.E.,” 153, 680, 1916) who gives the following: 
X = 685‘3 fjLii, 662-5, 603*2, 564*6, 529*6 and 498. SchtisteFs 
two negative bands X == 570 - 584 fjbjjL and X = 601 - 596 /x/t 
could not be resolved. 

The lines of atomic oxygen 0 are found in the examin¬ 
ation of water vapour as well as in oxygen submitted to 
intense electrical discharges. Fowler and Brooksbank lioy. 
Astron. Soc,,” 77 , 511,1917) have likewise shown the pres¬ 
ence of lines of this series, the third line spectrum of oxygen 
X = 559*2 fifjbj and 396*18 in stars of the ^ type as well as in 
Wolf Eayet stars. 

The ultra-violet spectra of oxygen and its allotropes are 
of special significance in the consideration of their photo¬ 
chemical interconversion (see p. 70). 

That of ozone has been examined by Lenard Q' Ann. der 
Physik,” I, 480, 1900), Goldstein Ber.,” 3<5, 304, 1908 ), 
and more especially Eegener Ann. der Physik,” 20 , 1083 , 
1906). 
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The O 2 molecule gives short -wave length bands resolvable 
into lines bet-ween the region \200 and X 188 correspond¬ 
ing to the ultra-violet fluorescence of oxygen. Stenbing 
noticed five bands between A = 183T, and 191*1 fifi, -whilst 
L. and E. Bloch C'C.R./’ 158 , 1161, 1914) isolated two new 
ones conforming to the Delandres formula at X = 192'3 to 
193*6, and 194*6 to 195*7 /ufi. The ultra-violet oxygen atom 
0 band in the region X = 230 and X = 340 /x/x is observed 
in the positive column in pure rarified oxygen, and in the 
decomposition of dissociation of many oxygen-containing 
compounds. The strongest band (see Meyerheim, Grebe, 
Holtz and Towler, Proc. Eoy. Soc.,’’ 94 , 472,1918) is found 
at X. = 306**! /jLfjL, and is usually attributed to water vapour. 

Investigations on the carriers of positive electricity hy 
Sir X J. Thomson and his co-workers The Carriers of 
Positive Electricity”) have revealed the presence of a great 
number of allotropes of oxygen which give rise to their re¬ 
spective hand spectra. E. Horton Phil. Mag.,” 23, 24,1911) 
has shown the existence of carriers of positive electricity in 
oxygen of electric atomic weights, 8,16, 32, 48 and 96. 

Becq[uerel has sho-wn that the magnetic susceptibility of 
ozone exceeds that of oxygen, and that the ratio of the 
specific magnetic susceptibilities exceeds that of the ratio of 
their densities. 


Chemicad Puopebties. 

Chemically, ozone is a strong oxidising agent, capable of 
effecting the oxidation of all the elements with the exception 
of gold and some of the metals of the platinum group. 

It liberates iodiue from potassium iodide and brings about 
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the oxidation of numerous substances such as lead sulphide, 
manganous salts and ferrocyanides, reactions which form the 
basis of its qualitative and quantitative detection and esti¬ 
mation. 

The general reaction may be expressed by the equation:— 
M + O 3 = IVCO + 02* 

In some cases, however, oxygen is not liberated, but the whole 
* of the ozone reacts and no free oxygen is evolved. Thus 
sulphur dioxide is oxidised to sulphuric anhydride by ozone 
according to the reaction :— 

3SO2 + 03= SSOs 

(see Brodie, '^Phil. Mag.,'’ 1894, and Eiesenfeld, ‘'Zeit. Elek- 
trochem.,” 17 , 634, 1911). In the combustion of the organic 
matter in water during the process of sterilisation by ozonised 
air this reactivity of the ozone molecule as a whole is likewise 
noted. 

Eiesenfeld (‘• Zeit. Anorg. Chem.,” 85 , 217,1914) observed 
a similar series of reactions in the action of ozone on sulphur 
compounds. Three atoms of oxygen in the ozone molecule 
react with sodium hydrogen sulphite, whilst with neutral 
sulphites and alkaline thiosulphates only two atoms react, 
the third being liberated as oxygen gas. 

With certain peroxides, such as hydrogen peroxide, it 
undergoes decomposition as follows:— 

O3 + H2O2 = HgO + 2O2, 

Eothmund C'Monatsh.,” 38 , 295, 1917) showed that the 
reaction was unimolecular in excess of hydrogen peroxide, 
but in dilute solutions the ozone underwent catalytic decom¬ 
position. 







OZOITE 


13 


It has found many uses industrially as an oxidising agent, 
which will be detailed in a subsequent section of this Tolume. 
Eeference, however, maybe made to the deodorising of air, 
the conversion of manganates into permanganates, of chlo¬ 
rates into perchlorates, and the ‘‘drying"' of oils in the pre¬ 
paration of linoleum and varnishes. 

At suitable temperatures selective oxidation of undesirable 
substances which give an objectionable colour or odour to 
many fats and waxes may be obtained, and such processes of 
bleaching are receiving extended application. Attempts have 
also been made to accelerate the ageing of spirits and wine 
hy fractional oxidation with ozone. 

Ozone is a powerful germicide, as was first indicated by 
Erohlich. Its high germicidal activity is doubtless due to its 
oxidising power, and as a dual agent of this character it has 
been fairly extensively employed for the sterilisation of public 
water supplies, for the treatment of wounds in hospitals, and 
for various purposes of sterilisation and preservation in in¬ 
dustries, such as hide preservation, cold meat storage and 
the like. Although ozone in high concentrations will effect 
the sterilisation of air, yet such concentrations as are neces¬ 
sary (ca. '05 per cent.) are not capable of respiration without 
damage to the tissues, consequently its chief function is as a 
deodoriser and ‘"freshener ""for air in confined and crowded 
spaces. 

In the realm of organic chemistry ozone has received ap¬ 
plication in two directions, firstly as an oxidising agent of 
great strength which introduces no foreign matter, and 
secondly as a reagent for the ethylene linkage - C = C - . 

As an oxidising agent it is employed for the preparation 
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of vanillin on an extremely large scale. The prodncfcion 
other substances, such as heliotropine, piperonB^l> aniBald^-- 
hyde, can also be accomplished with its aid C®®® chap* ix.)- 
Apart from its powerful oxidising properties, ozone will areact 
■with certain substances in two definite and charactax*iBtic 
■ways to form ozonates and ozonides. 

The Ozonates. 

Baeyer and Villiger C'Ber.,” 35 , 3038, 1908) state that 
strong ozonised air fumes in moist air colours blue 
red, and causes an increase in the conductivity of distilli^d 
water when passed through it. They therefore rega»rclccl 
ozone as the anhydride of an, unstable ozonic acid, UsiO,!. 
According to these authors, if due precautions are ta^lceti, 
highly coloured ozonates may be prepared by the interaction 
of ozone and moist solid alkali hydroxides or concentra.tctd 
solutions of the same at low temperatures. 

The ozonates are usually orange or brown. If ozono bo 
passed into a cold ammonia solution, it acquires a dark reel 
colour attributed by these investigators to the formation of 
ammonium ozonate, NH 4 HO 4 . Lithium ozonaite was foiiiici 
to be least, and that salt of caesium most stable. 

A white granular precipitate of calcium peroxiide is fori iiecl 
on the passage of ozonised air into cold lime waiter. 

According to W. Manchot (“Ber.,’’ 41 , 47, 1908), Bac^yesr 
and Villiger’s results are to be attributed to the presonee 
of small quantities of oxides of nitrogen in their ozonised 
air, since he found that ozone possessed no Sicidic qmali- 
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The Ozonides. 

The ozonides are formed by the interaction of ozone with 
organic compounds containing unsatnrated ethylene linkages 
according to the general equation :— 

—C —C—Ov 

11+03 I >0 

_c —C—0^ 

Discovered l 3 y Harries C A.nn.,” 343 , 311, 1905 ; “Ben,” 38 , 
1195, 1905), this reaction was successfully employed by him 
to elucidate the composition of rubber (see p. 170), and has of 
recent years been frequently utilised to identify the presence 
of ethylene linkages. 

Where compounds containing ethylene linkages are 
treated with strongly ozonised oxygen (ca. 40 per cent. Og) 
the ozonides thus formed on analysis yield more oxygen than 
is to be expected by the assumption of simple saturation of 
the ethylene linkage according to the equation:— 

—C —C—Ov 

II + O 3 I yo 

—0 —c—0^ 

According to Harries, oxozonides are formed hy interaction of 
the organic compound with oxozone present in the gas:— 

_c _c—0—0 

II 4- O 4 I I 

—G —0—0—0 

More recent experiments, however (see p. 184), have failed 
to establish the existence of oxozone in ozonised air or oxy¬ 
gen and consequently some other explanation for the forma¬ 
tion of oxozonides must be advanced. 



CHArTEK II. 


THE NATUEAL OCCUEEBNCE OP 07.0NE. 

The occurrence of ozone in ordinary atiaoHpheric air iian 
long been a matter of dispute. C. Bchcinboin (“ J. f. I’rakt. 
Cbemie,” 73 , 99,1858), as early as 1858, showed that stiirrh 
iodide paper, when exposed to the air, slowly tnrn«-d bin**, 
thus demonstrating the existence of some oxidising agitiiry. 
He noted that the rate of liberation of iodine varied from ilay 
to day and attributed this to an alteration in the ozone 
tent of the air. Cldez and Binoau pointed out that I he 
liberation of iodine from starch iodide couhl likewise Iw 
caused by the presence of oxides of nitrogen naturally pre«t'iit 
in atmospheric air. 

Houzeau (“Ann. Chom. Phys." IV, ay, 5 , 1^72, iitnl 
“ C.E.,” 74 , 712,1872), as a result of over 4000 determiriu.* 
tions with neutral litmus starch iodide paper, came to tli*i 
conclusion that ozone was present in atmospheric air irt ml- 
dition to the frequent occurrence of oxides of nitrogesn. A» 
a maximum ozone content Houzeau recorded ifigtii. 
cubic metre. Houzsau's views were supported by narllf^y 
(“Trans. Chem. Soc.," 39. 10, 111 , 1881, and "Nature/’ 3 ^, 
474,1889), who noted that many of the dark lines of the 
spectrum were coincident with those that would liave 
produced on the assumption that atmospheric ozone ahsorlwd 
light of these partietdoe wave lengths emitted from tho »«n. 
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thus exhibiting the Frauenhofer lines; which conclusions 
were confirmed by Meyer ('‘Ann. der Physik/’ IV, 12 , 
849, 1903). 

The vivid blue colour of ozone was asserted by Hartley 
to give the characteristic coloration to the summer sky, an 
alternative theory to the one first propounded by Lord Eay- 
leigh in 1871 (Hon. S. W. Strutt, " Phil. Mag.,'’ ii, 107,1871) 
and extended by Schuster (" Theory of Optics,” p. 325) and 
King (“Trans. Phil. Eoy. Soc.,” A, 212 , 375, 1913). 

Kayleigh showed that the intensity of the light scattered 
by small particles of dust in the atmosphere would vary in¬ 
versely as the fourth power of the wave length, i.e. the light 
in the ultra-violet and blue end of the spectrum being of the 
shortest wave length would be most intensely scattered and 
}hus made visible. It may be noted that in Lord Rayleigh’s 
experiments the sky light appeared somewhat bluer than 
inticipated by this theory, and thus indicated that absorption 
)y ozone may be a contributary cause to the colour of the 
iky. C. Fabry and H. Buisson (“O.E.,” 156 , 782, 1913), as 
i result of a series of experiments on the absorption coefficient 
»zone for light of the wave lengths X = 255 ya/x to 330 yayx, 
bowed that a thickness of only 25 /i of ozone reduces the 
ncident light intensity by over 50 per cent. For a wave 
mgth of X = 300 fjLfju the proportion of transmitted light for 
thickness of 5 mm. of ozone was only 1 per cent., approxi- 
lating to the conditions of the terrestrial atmosphere exposed 
D solar radiation. If uniformly distributed this would equal 
*6 c.c. or 1*4 mgm. per cubic metre; this concentration is 
)mewhat high for air at low altitudes, hence it may be 
:gued that with increasing altitudes the ozone content rises. 
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E. Kron (“Ann. der Physik,” 45 , 377, 1914) records X = 
325 as the limit of the effective solar spectrum at sea-level 
on the clearest days. Fabry and Buisson’s results loet-ween 
the ■wave length X = 200 and X = ^50 /j,fi are sho-wn in the 
follo'wing graphical form :— 



200 250 300 35^ 

X m. fifjc 


Pig. 2. 

■ More recently Fowler and Strutt (“Proc. E 07 . Soc.,” 93 , 
577, 1917) showed that the Frauenhofer lines bet-ween the 
wave lengths X = 319'9 /t/a and X = 333’8 / 4 /i, the "altra-violet 
lines shown by Ladenbuig and Xehmann to be present in the 
ozone absorption spectrum, were present in the greatest in¬ 
tensity in the solar spectrum at low altitudes, or when the 
terrestrial air stratum through which the light had to pass 
was greatest, thus again supporting Hartley’s contention that 
the atmospheric ozone was an effective agent in fixing the 
extension of the. solar spectrum in the nltra-^violet, 

Strutt (“Proc. Roy. Soc.,” 114 , 260, 1918) likewise showed 
that the limitation of the solar spectrum to the lower "wave 
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length of X = 294'8 yuii was due to the absorption by atmos¬ 
pheric ozone. By long distance experiments on absorption 
of the light from a cadmium spark and mercury vapour lamp, 
the lower air, mass for mass, was found more transparent 
than the upper air, and that if the absorption was not due to 
dust, the ozone content would not exceed 0*27 mm. at normal 
pressure, in four miles of air. 

Engler and Wild (“Ber.,” 29 , 1940, 1896) likewise con¬ 
firmed the presence of atmospheric ozone by the action of 
air on manganous chloride paper, whilst Schone in 1897 
Brochure,'* Moscow, 1897) obtained as maxima and minima 
the following values :— 

Maximum, 100 mg. per cubic metre. 

Minimum, 10 „ ,, „ 

In the same year, Thierry O' C.B.,’* 124 , 460,1897) made 
the important observation from experiments conducted on 
Mont Blanc, that the ozone content of the atmosphere rose 
^ith increasing altitude, thus, at 1000 metres height he ob¬ 
tained 0‘039 mg., and at 3000 metres, 0’094 mg. of ozone per 
cubic metre of air. Similar figures were observed by H. de 
Varigny (Smithsonian College, " Proc.,’* 39 , 27), viz. a maxi¬ 
mum and minimum of 0*03 and 0*01 mg. per cubic metre. 

These observations were continued by Hatcher and Arny 
(“ J. Amer. Pharm.,’* 72 , 9,1900), who determined the amount 
of ozone in the air by two different methods, viz. the iodide 
and arsenitic titration processes, as maxima and minima, 
they observed the following values:— 

Msihod of Mmimum. Maximum. 

M/Stimcdion. 

Iodide 158 816 mg. pei cuMc metre. 

Arsemte 84 80 „ „ „ „ 
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-Henriet and Bonyssy C.E./^ 146 , 977, 1908) sh.owed that 
the ozone content of the air at ground level varied approxi¬ 
mately inversely with the carbon dioxide concentration. 

Hayhurst and Bring LXII, 86 S, 1910) drew 

attention to the wide variation of the results obtained by 
numerous investigators, and conducted a series of observa¬ 
tions on Griossop Moor in Derbyshire. They showed, utilising 
Houzeau’s original method of estimating both iodine and 
alkali liberated from potassium iodide solutions, a procedure 
which was found to give extremely accurate results, both for 
ozone and mixtures of ozone and nitrogen dioxide, that in 
this neighbourhood at least, oxides of nitrogen were always 
present in the air up to an altitude of 8000 ft., and that the 
quantity of ozone present, if any, was too small to be de¬ 
tected. With an increase in the altitude small quantities of 
ozone were obtained up to a height of 10 miles. Concen¬ 
trations of the order of 0*12 to 0*4 mg. per cubic metre of 
ozone, and smaller quantities of oxides of nitrogen wercB ob¬ 
tained. 

H, N. Holmes Q' J. Amer. Chem. Soc,,"' 47 , 497, 1909) 
has shown that the maximum amount of ozone is formed in 
moving areas of air under a high barometric pressure when 
the conditions are favourable for bringing air of high, altitudes 
close to the earth’s surface. 

It may he concluded that ozone is a normal constituent 
of pure air, and that the quantity of ozone in the air increases 
with the altitude. Seasonal variations in the ozone content 
have likewise been obtained. Thus, Houzeau, as m result of 
eight years observation with neutral and alkaline iodide test- 
papers (Zoc. cit.), noted that the ozone content of fcha atmos- 
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SOXTECBS OF NaTTJEAL OzONE. 

Various alternative h 3 rpotheses have been advanced to 
explain the mode of formation of this small ozone concentra¬ 
tion in atmospheric air. It is at once evident that even this 
minute quantity exceeds the normal thermal equilibrium 
amount, and consequently there must be a continuous source : 
of ozone. We may classify the various hypotheses as to this 
source under three groups:— 

(a) chemical ; (b) photo-chemical; (c) electrical. 

Natueal Chemical Processes. 

The earlier investigators such as Schonbein, Houzeau, 
Bte'gny, Peyrou, and Marid Davy, -were of the opinion that 
the green vegetation of plant life was responsible for the 
production of ozone, thus accounting for the observed maxi¬ 
mum and minimum ozone content in the months of May and 
November respectively. It was shown, however, that coloured 
plants yielded no volatile oxidising substances whatever, and 
more recent experiments have shown that the oxidising agent, 
which can always be detected in gregn plant growth, is hy¬ 
drogen peroxide. According to Priestly and Usher (“ Proc. 
Phys. Soc.,” 78 , 3, 38, 1906), the plant chlorophyll serves 
merely as a light sensitiser to bring about the reaction— 

3 H 2 O + COj + Hght energy = HOHO + 2 H 2 O 3 , 

the formaldehyde thus formed is subsequently polymerised 
to formose (d.l. glucose) by the protoplasm of the cell chloro- 
plast. 

The hydrogen peroxide is usually destroyed by one of the 
numerous enzymes, termed oxidases, present liberating mo¬ 
lecular oxygen—■ 
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2H2O2 2H2O + O2 

(see Bach and Ohoat, “Arch. d. Sci. Phys. et Nat. Geneva,” 
17 , 4771,1909), but many investigators suspect that during 
the decomposition of the hydrogen peroxide small quantities 
of ozone may he produced. 

The production of ozone by the atmospheric oxidation of 
various gums and essential oils exuded by trees and plants, 
such as turpentine, sandal-wood oil, or oil of lavender, has 
long been suspected, and undoubtedly the rapidity with which 
starch iodide slips are turned blue in a pine forest is, in some 
measure, due to the ozone present in the surrounding air, 
although the formation of hydrogen peroxide under these 
conditions is without doubt the more important natural pro¬ 
cess contributing to the freshness of the air. 

PHOTO-CHEMICAIi PeOCBSSES. 

We shall have occasion to refer to the interesting fact that 
oxygen is ozonised by exposure to ultra-violet irradiation of 
wave length X = 120 — 180 fi/j, whilst ozonised oxygen is re¬ 
solved into its original form by light of somewhat longer wave 
length, viz. X = 330 yaja. 

Hartley (“ Trans. Chem. Sdc.,” 39 , 10, 111, 1881) noted 
the presence of Frauenhofer lines in the visible solar spectrum 
corresponding to those which would be absorbed by ozone. 
These conclusions in the visible part of the spectrum were 
confirmed by Meyer (“ Ann. der Physik,” IV, 12 , 849, 1903) 
and extended by C. Fabry and H. Buisson (“ C.E.,” 156 , 
782, 1913) and Fowler and Strutt (“Proc. Eoy. Soc.,” 
93 , 77 , 1917) to the ultra-violet portion of the spectrum. 
Furthermore, all experimental evidence indicates that the 
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ozone concentration is greatest in the upper portion of tlie 
atmosphere, where the intensity of the ultra-violet radiation 
would naturally be greatest (see also K. Birkeland, Cairo 
Soc.,” 8, 287, 1916). It would appear that the presence of 
ozone in atmospheric oxygen is largely due to the syntlietic 
operation of solar radiant energy of short wave lengtli 
(X = 120 - 180 yayLt), whilst the limitations in the amount in 
the upper parts of the atmosphere is caused by the destructive 
action of light of longer wave length (X = 300 fx/j), a dynamic 
equilibrium being finally established between the rate of 
formation and the rate of decay. Near the earth’s surface, 
as we have seen, smaller ozone concentrations are obtained, 
partly owing-to the fact that the light of longer wave length, 
penetrates somewhat further into a dusty atmosphere than 
that of short wave length, but more especially to the reducing 
action of easily oxidisable substances both on the earth 
surface, and carried to low altitudes by the wind. Country 
air, according to Houzeau, contains more ozone than that 
around villages, whilst its presence can rarely be detected in 
towns. This observer, in fact, records the disappearance of 
ozone in the air after the passage of a crowd on a public f4te 
day, and its gradual reappearance when the normal condition s 
had been re-established. 

Electeical Peocesses. 

The increasing attention which during the last few years 
has been paid to a study of atmospheric ionisation and electri¬ 
fication has not only clearly demonstrated that the potential 
difference between different parts of the atmosphere and be¬ 
tween earth or water and the air may reach extremely high 
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values during periods of atmospheric disturbances such as 
electrical storms, but even during periods of fair weather, 
local potential differences of high magnitude may result. 

Evidence for the ozonisation of oxygen during periods of 
intense electrical discharge, either silent as in the aurora, 
natural corona, and the remarkable Andes glow occasionally 
observed in S. America (see Knoche Meteor. Zeit,’’ 29 , 329, 
1912), or violent as in lightning and the so-called thunderbolt 
or globular discharge, is somewhat conflicting. Undoubtedly 
oxides of nitrogen are present, since these can always be 
detected during periods of heavy discharge, and in many cases 
it appears probable that ozone is formed either without or 
more probably in conjunction with the oxides of nitrogen. 

Thornton Phil. Mag.,” 21 , 630, 1911) has advanced the 
view that the globular discharges themselves are purely 
gaseous bodies and consist of ozone in active combination. 

In a subsequent chapter we shall observe that the condi¬ 
tions for the possible ozonisation of oxygen by means of 
ionisation are established when a discharged electron or a gas 
ion strikes an oxygen molecule with sufficient violence so as 
to permit the temporary distortion of, or the actual removal 
of one of the valency electrons circulating round the oxygen 
molecule from its orbit, and a rough computation of the volt¬ 
age of discharge which is necessary to give the emitted 
electron this requisite energy is but nine volts, a relatively 
low figure. 

The potential difference between strata of air during 
periods of fine weather is frequently extremely great and quite 
sufficient to produce atmospheric ionisation, with the conse¬ 
quent possible production of ozone, thus P. Mercanton 
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f^^rcied. in air during the fall of heavy drops of rain from a 
P^^^ioiiLsly clear sky in hot summer weather. 

Oddo ('* Gaz. Soc. Chim. Ital./’ 45 , 395, 1915) ascribes 
foirmation of gas ions under these conditions to the 
spoxitaiiaeous ionisation of water vapour when rarified. One 
kilogiraxn of moist air (773-4 litres when dry at N.T.P.) 
contains 89 x 10“^® hydrogen and hydroxyl ions at 15° C. 
arid. T60 mm. pressure; he shows that a fall in temperature 
^^tnirailly diminishes the content of water vapour in the air 
blit a^lso increases the degree of ionisation below 32° C., where 
it is paractically zero. The optimum temperature range for 
rtiaximtim ionisation was found to be 5° to 20 ° C., which, it 
3ro.auy be noted, is the optimum for animal and vegetable life 
in the temperate zones. 

ILienard, in a series of researches on the Electricity of 
"W*aut er-falls Ann. der Physik,” 45 , 7, 100, 1914), showed that 
ioniseition was effected not only by the impact of suspended 
drops upon obstacles such as rocks or stones, but by impact 
of drops against each other resulting in the production of 
secondary drops. 



CHAPTER III. 

CHEMICAL PBODUCTION. 


An indication of the production of ozone can be ab.-^i-rve'l i>i 
a great variety of chemical reactions such as the 
tion of certain peroxides, in processes of autoxidation. aiirl jn 
many cases of combustion of gaseous fuels. In the latter 
case the ozone is doubtless of a purely thermal ori> 4 iii an*I a 
consideration of the mechanism of production by tfiiH iiiuans 
will be deferred to a subsequent section. 

Ozone can nearly always be detected in oxygon roKiilling 
from chemical decomposition. The temporary ctJciHlmco tjf 
atomic oxygen liberated according to the equation ; ■ 

M"0, + H,SO, -> MSO„ + H,f) + O 
has,not yet been definitely proved, although the evithuiro tor 
the formation of atomic hydrogen by similar procoBSow in tmw 
extremely strong. In any case during the decom|H JHitit»!i wf 
the peroxides, the atomic oxygen polymerises with grout 
rapidity to the molecular form;— 


O + 0 Oj(. 

0. Brodie (“Phil. Trans.,” 141, 759, 1850) first suksinroil ih,t 

view that ordinary oxygen during processes of 

action was split up into two parts termed ozone ami aiitostor»«r. 


Oa -*• O' (ozone) + O (antozone). 

As we shall have occasion to note in discussing in'fH'fnmn »»f 

(28) 
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aufcoxidation, Brodie's hypothesis was strongly^'^supported by 
the experimental work of Schonbein. . 

E. Clausius (‘‘Zeit. Phys. Chem./’ 103 , 644, 1858) sug¬ 


gested that Brodie’s so-called ozone*’ and antozone ” were 
identical with atomic oxygen, possessing opposite electric 
charges 


O 2 6 + 0". 

This view was further enlarged upon by van’t Hoff 
Zeit. Phys. Ohem.,’* i 6 , 411, 1895), who, as a result of his 
studies on the autoxidation of phosphorus, came to the con¬ 
clusion that there exists a definite equilibrium in normal 
gaseous oxygen between the molecular and atomic form, the 
atomic being charged:— 


O 2 6 4* O'. 


Nernst C‘Zeit. f. Elektrochem.,’* 9 , 891, 1903) showed, from 
a series of observations on the electromotive force of ozone- 
oxygen cells, that if the three allotropes of oxygen were as¬ 
sumed to exit in equilibrium with each other under normal 
conditions, according to the reversible equations:— 

03 5^02 + 0 

O 2 0 + 0, 


none of the allotropes possessing an electrical charge, then 
the equilibrium concentration of the atomic oxygen would be 
only 1 / 10 ^^ of the normal ozone concentration, which we shall 
see is of the order 10”"^ per cent. The normal concentration 
of atomic oxygen is, therefore, so small as to render its exist¬ 
ence as a chemical substance, to which the ordinary methods 
of statistical calculation of its concentration and properties in 
bulk can be applied, extremely doubtful. 
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ISTevertheless, the formation of ozone in small quantities 
may be expected to occur in the decomposition of the per¬ 
oxides, since, on the above assumption, the following sequence 
of chemical reactions may be assumed to occur :— 

(i) Ba02 -^BaO + O. 

(ii) 0 “h 0 02 - 

(iii) O 2 4- 0 O 3 . 

We have already noted that reaction (ii) proceeds with great 
rapidity, and that reaction (iii) is merely a side reaction^ 
which will only proceed during the evolution of oxygen. 
Any ozone formed may, of course, be subsequently decom¬ 
posed by catalysis at the surface of the decomposed peroxide, 
or by the somewhat elevated temperature necessary to cause 
decomposition of the peroxide. 

Houzeau, in fact, was able to obtain concentrations as 
high as 28 gms. of ozone per cubic metre of oxygen evolved, 
by gently heating small quantities of powdered barium per¬ 
oxide in eight times its volume of concentrated sulphuric 
acid. Hydrogen peroxide is likewise formed in Brnall quan¬ 
tities under these conditions:— 

4 H 2 SO 4 + 4Ba02 (i) 4BaS04 + 4 H 2 O 4- 20 ., 

(ii) 4BaS04 + 4 H 2 O 4- Og 4- O 
(iii) 4BaS04 + 4H,02. 

The same investigator showed that similar results were 
obtained with other peroxides, notably those of magnesium, 
zinc, sodium, and potassium. 

Even better results can be obtained by the decomposition 
and gentle dehydration of permanganic acid or potassiuia 
di chromate, 


Mn^Oy 2Mn02 + Os* 
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As dehydrating agent, sulphuric acid is most conYeniently 
employed in the proportions of one of potassium perman¬ 
ganate to two of sulphuric acid. De la Coux L’Ozone,” p. 
67) states that oxalic acid can be likewise employed in the 
proportion of 10 gms. of permanganate to 15 gms. of oxalic 
acid, and that 90 c.c. of oxygen containing 3 mgm. of ozone 
can be obtained from this mixture. 

Satisfactory yields of ozone may also be obtained by the 
cautious addition of barium peroxide to a solution of potas¬ 
sium permanganate in sulphuric acid, of density 1*85. 

By the thermal decomposition of the persulphates, small 
quantities of ozone are likewise disengaged, Malaquin (''J. 
Pharm. Ohem.,” VII, 3 , 329,1911) gives the following details 
for the preparation of ozonised oxygen by this means. 
Twenty gms. of dry and freshly prepared ammonium persul¬ 
phate are mixed with 15 gms. of nitric acid in a small flask; 
the air is subsequently displaced by carbon dioxide, and the 
mixture cautiously raised to 65° to 70° C. The reaction, 
which is strongly exothermic, proceeds sonaewhat vigorously 
when once started, and the resulting oxygen, after removal 
of the carbon dioxide, contains 3 to 5 per cent, of ozone and 
small quantities of nitrogen. ^ 

Moissan, in his researches on the properties of fluorine, 
which he isolated by the electrolysis of fused potassium 
hydrogen fluoride, noted that appreciable quantities of ozone 
were produced when a few drops of water were introduced 
into an atmosphere of fluorine. 

The formation of ozone proceeding according to the 
equation:— 

SFg + 3 H 2 O = 6HF 4- 
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is especially marked at low temperatures, when the rate of 
thermal decomposition of any ozone formed is considerably 
reduced. 

An ozone content of upwards of 14 per cent, in the oxy¬ 
gen disengaged by means of this reaction may be obtained, 
if the temperature be maintained at 0° C. De la Coux 
(‘‘L’Ozone,” p. 70) suggests that the preparation of strongly 
ozonised oxygen, by this method, offers some hope of techni¬ 
cal application. 

Small quantities of ozone may likewise be obtained by^ 
the thermal decomposition of other oxygen-containing salts, 
but the quantity of ozone in the liberated oxygen is far 
smaller than in the cases alluded to above. Thus Eammels- 
berg noted that ozone may be detected in the oxygen evolved, 
on heating crystallised periodic acid up to 135'’ C. 

Periodic acid is formed by the action of iodine on an 
aqueous solution of perchloric acid, and can be obtained as 
crystals containing two molecules of water. When heated 
carefully, periodic anhydride is formed. 

2(HI04.2H2O) I2O7 + 5H2O, 
which on continued heating, loses oxygen to form iodic an¬ 
hydride :— 

I2O7 I2OQ -f- O2. 

The iodic anhydride itself suffers decomposition into its ele¬ 
ments at 300° C., consequently the liberation of ozonised 
oxygen by decomposition of the crystallised periodic acid 
only takes place within a somewhat narrow liemperature 
range. Aqueous solutions of the acid and its sodium salt 
likewise gradually acquire the smell of ozone. 
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(). Britnck IiiiB shown that commercial samples of potas- 

81 mil clilonite liberates ozonised oxygen during tlieriiial de- 

cciiiipoHitioii, although purified samples fail to yield any ozone. 

l*lie yield of ozone is sensibly increased by the addition of 

rniiiiganeso dioxide, thus equal weights of manganese dioxide 

and potassium chlorate liberate 0*3 per cent, of the weight 

of chlorate employed in the form of ozone. With twenty- 

1 

five liineB fw much inanganese dioxide, over 1’5 per cent, of 
the weij^ht of ehloratp»t can be recovered in this form. Other 
oxidtiH, BUeli as those of csopper, iron and zinc do not exhibit 
this Ixihaviour, which appears to be characteristic of man- 
dioxitle, ulthmif'h sligM activity is noted in the cases 
of the oxidtiH of nickel and cobalt. This is doubtless associ¬ 
ated with the property of forming unstable peroxides, which 
undergo Rccondiiry decomposition, liberating atomic oxygen, 
which can secondarily react "with the molecular form to pro¬ 
duce ozone. 

In the thermal decomposition of many metallic peroxides 
the presence of ozone may be detected in the oxygen evolved, 
the yield of ozone being naturally greater in the case of those 
peroxidfifi which undergo thermal decomposition at relatively 
low temperatures, such as silver oxide, yielding oxygen 
containing 4 to 5 per cent, of ozone. Lead peroxide and 
mercuric oxide an: likewise capable of yielding small quantities 
of ozone. 

If fhu peroxide of manganese, or cobalt, or nickelic oxide 
1« Huhjected to thermal decomposition in a current of oxygen, 
apprcciahlft tpmntitins of ozone are stated to be formed. 

All these oxide decompositions, resulting in the formation 
of small quantities of ozone, may be referred to chemical 
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processes of activating atmospheric oxygen, whilst in the 
case of the decomposition of chlorates and iodic anhydride 
these salts may be regarded as convenient sources of oxy^gen. 

In the case of the elements of the first group of the peri¬ 
odic table, namely, copper, silver and gold, the sub and 
normal oxides of copper, Ou^O, Gnfi, and CuO, are somewhat 
too stable, cupric oxide possessing only a small dissociation 
pressure at very high temperatures. The oxides of both si Ivor 
and gold, on the other hand, dissociate much more readily, 
silver oxide possessing a dissociation pressure equal to th at 
of atmospheric oxygen at 250° C. Silver peroxide, 
readily liberates hydrogen peroxide and oxygen containing 
ozone when dissolved in acids. Mercuric oxide closely re¬ 
sembles silver oxide in its chemical properties. 

The general reactions involved may be expressed by the 
following sequence of reactions:— 

(i) 2M + O 2 = 2MO; 

(ii) 2MO = 2M + 20 ; 

(iii) 20 ^ O 2 ; 

(iv) 0 + O2 O3; 

in which by the operation of the first two reactions the oxygen 
molecule isd;emporarily split up into its atoms, the nccossiiry 
energy to perform this operation being supplied by heating or 
cooling the metal to form or decompose the oxide. T'htJ 
atomic oxygen so formed may then instantaneouEdy recom¬ 
bine to form molecular oxygen or combine with moleculiir 
oxygen to form ozone. 

Ozone Peodtjction bx Autoxidation. 

It had long been known that many substances when ex¬ 
posed to the air undergo a process of slow oxidation. 
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Exemplifications are found amongst the most diverse 
types of substances such as the corrosion or rusting of metals, 
e.g. zinc, lead and iron, of certain non-metallic elements such 
as sulphur and more especially phosphorus, and in manj" 
organic substances, such as benzaldehyde, turpentine, linseed 
oil and various essential oils, such as oil of cinnamon, lavender 
or citronella. 

It was formerly thought that these reactions were com¬ 
parable to the ordinary processes of oxidation or combustion 
except in so far as the reaction velocity was exceedingly low. 
In 1858, however, C. F. Schonbein J. f. Prakt. Chemie,” 
73 , 99, 1858, et seq.^ to 1868) opened a new and interesting 
chapter in the theory of oxidation by showing that in these 
cases of slow oxidation, for every molecule of oxygen consumed 
by the substance undergoing oxidation a molecule of oxygen 
was simultaneously transformed to a more active state. This 
activated oxygen would then secondarily react to form a 
fresh series of new substances. 

Thus in the presence of oxygen, ozone could be produced ; 
in the presence of water as in the wet oxidation of the metals, 
an amount of hydrogen peroxide was produced equivalent to 
the quantity of metal oxidised. In the presence of other 
oxidisable substances the active oxygen can oxidise them, 
frequently bringing about oxidations which cannot be accom¬ 
plished by ordinary atmospheric oxygen ; thus indigo is 
converted into isatin during the autoxidation of palladium 
hydride or benzaldehyde. 

The quantitative relationship between the production of 
active oxygen and the quantity of substance undergoing the 
process of slo'W oxidation was shown by Schonbein to hold in 
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tlio quantity of oil niiuaiiiiug to f)o oxidised diminishes in 
amount. 

It had thfsrefore to bo assumed that in the process of dry¬ 
ing, a catalyst was Himnltaneoasly formed, thus if a and h be 
the initial eorujontratioriH of the linseed oil and catalyst, then 
the rat(! of o.xidation of the f>il after a time f will bo given by 
th(; equation:— 

Kto - ;r){J> h x). 

(tenthe, in fact, showed by his <!xporimentH on reaction velocity 
that thero was a (inantitativc relationship between the quantity 
of lins«H:d oil oxidisttd and th(? quantity of autocatalyst simul¬ 
taneously produced. 

llouxeau (IHbO), (*entlie(/(W. r.it.), ilazui'a(“ Zcit. Angew. 
Chem.," I, MI2, IHHH), Kiasling (“ f^eit Angew. (Jhern.,” 4, 
.'J9o, IH9I ) and Friend (“ i’roc. Paint and Varnish Hoc.,” 1914) 
all shtjwed that tlio antocatalyst was an unstable peroxide, 
sincii it iiberatod iodine from potassium iodid(', and showed 
tlie other reactions of a peroxide and a similar catalytic 
acctderation could be productsl by the addition of oxone, 
berjxoy! {«jroxitlo, oxidised turptmtine or ether, to the linseed 
oil. It is still a matter of uncertainty as to the nature of 
this catalytic }>oroxide. Houzeau was of the opinion that it 
was dissolved ozone, whilst other investigators support the 
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Jorriuon ami Ikiclmr (’* 30 , l l’il, IhH7 ; 

Angew. Chem.." aa, t3«29. ansi "(‘hi iii. Zeit ." a6. m, 1002) 
showed that ozone could laj formwi during the reduetinn of 
certain oxidising acids, such «« chrwnic acid, attnbiitorl to 
the intermediary formation of an iinstiihh* }M«rnxide ■with its 
Bubseiiuent decoinjaisition: 

CrC), t tCOOll), -* H/J ♦ )Cr I 

ir '■ t)■•.-(I- 

Eelativeiy largo i|uaHtiti»<s of ojwmif, hu%vi;ver, are pnaluecd 
in the autoxidation of phoaphorus, ami in view of lh« c«m* 
venimotfs of this method of preparation the following detaiis 
may he given: A rapid current of air is paswd through a 
bottle contaming sticks of yellow phosphorus, tnoishiiMd with 
a dilute sulphuric add acndirictl solution of potastiitni per* 
manganate or bichromate. Thu reaction proccmls but slowly 
at 6 * C., whilst the optimum temperature is stated to he 24* C. 
Under r^uced pressure the roaclion still proceeds at 0* (1 
At is well known, pure oxygen react* but slowly with phcM* 
pborus except under reduced pressure. A 5M) pi^r cent, mix* 
ture of oxygen in hydrogen m particularly eRtcaeinus for the 
production of oixme, but the phrMpbnrua is liable to become 
extremely hot, with the attendant risk of explosion. Htnall 
quantities of bydrt^n peroxide are wniultaneously produced. 
From time to time the atale phcMphorua should b« r«f fused 
in order to mmove the superfieiat layer of phosphoric acid 
which mioses a dimioutioo in its activity. 

We have already nctod that the thi^^ of llrodio, devrloped 
by Claustus and vao*t Hoff, pcwtolating the cxktonce of two 
tens of oxypn 
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ITowovpr, Coekel {" I’ljy*. Ki-ilIV. hIimv* !! that Ihk 
conductivity was not dm- hn tin* »»f nzanc which 

coTild bfl ahKorhcd without «lcalr*tyiii|' tho cniuhictiviiv. 

Barns (“ Washington,” BHU), Harms ( ’I'hys. Zi-i!..'' 
rV, III, 1902), and Bltx-h ( 'Ann. do Chiiiiir* *4 do 
II, 215,1905) likcwim! showed that the roinhiclivify was not 
due to the presence of ozonic oxygen ».r i hiirn* d i<.mr osyg, n, 
but to oxides of phosphorus colliajiod round char^'i t! iiueli i, 
forming aggregates of fairly large dimensionH (r - 10 * cm ), 
while tho actual nuinher of charged gas ions r»h#crv,*d fell far 
short of the stoichiometriB rati«». oxygen ahtairls’d cixygi-n 
activated: I :l,as postulated by the hy{adh««is. A. Hlane 
os, lilt), 1911) showed the existence of both 
positive and negative ions, the protlwcUon of which was ae* 
comjmnitid by the fornmtion of wliito fumes The pnoduction 
of these gaa ion# was accelerated by allowing the process of 
oxidation to take plaoK in an e|«iric field 

K. Prxibram (“Akad. Wise. Wien , Iter,” lau, 247, 191‘i) 
showed t!»t tho charge on c««?h gas ion was approximately 
6 X lO'*® E.H. units, and that l id * 10 * g»n». of jdiosphoriis 
itt the form of phosphoric acid was awociated with I'ach K,H. 
unit, and 1*8 n 10*’*gin*, of phoaphom* in each i^rticle, A. 
Blanc ijS, 1492, 1911) claims to liave discovered 

the existence of a ladiation emitted during the autoxidatinn 
of pheaphorus like y nys, extremely soft and not corpuscular 
in chameter. They mu easily abaorb<*d by atr< E. Hoppe 
Bogbr f'&it. Fhywcd. Cham.," a, 28,1»T«), and Baumann, 
adi^ted the same bypotbeais m Hchdnhrdn, hut tmhHtitutifd 
the somewhat iwa eemfosiag l««n id " nascoot" oxygen fot 
^toibein** ‘"oxotte" and. " anloxonu It in, bowaver, 
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evititjtifc that th(! case for the existence of charged ions of 
atoniic oxygen of opposite electric sign is not strongly sup¬ 
ported by the investigators cited above, although, as we have 
observed, the existence of uncharged atomic oxygen is a 
plausible hypothesis. 

M. Traube (“ Ber.," 15 , 603,1882, and 1471, 1848; “ Ges- 
aitimelto Abhandlmigcn," Berlin, 1899), A. Bach (“ C.E.,” 
126 , 2957, 1897), and C. Engler and V. Wild (“Ber.,” 30 , 
1667, 1897), and others, on the other hand, developed the 
theory of an intermediate compound. 

Thus, according to Traube, the presence of water is 
necessary for all these processes of slow combustion, a point 
of view strongly supported by the researches of Mrs. Fulhame 
(“ An Essay on Combustion,” London, 1794), B. Baker, 
H, B. Dixon (*■ Phil. Trana,” 175 , 630, 816, 4795, 1896), and 
H. K. Armstrong (B.A. Koports, “ Proc. Roy. 80 c.,” 40, 287, 
1886); the primary reaction taking place is the fonnation of 
an oxide and hydrogen peroxide according to the equation:— 

M + Oj + H,0 « MO + HjO*. 

The formation of Schonbein's ozonides must thus be con- 
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Bach’s luotlification of th« hyputhcsiH th»i vm- 

ceptioD of the formation of an iinatahlo inti-riio liiary |w roxido 
prior to decomposition into an oxide with wmiilistnf ois« oxi¬ 
dation of the acceptor thu«■ 

M 4. a,- M( ] 




{f 


i 4 A “•Mo 4* AO 

‘"’4) 

Kngier and Wild (" iter.," jo, H56y, and Oatwaid 

(" Ztiit. Piiya. Cbntn.,” 30 , 25t), BKJO) ap{dietl 
tioQ of the mechanism of proceawiM of autoxidalion Ui the 
case under contiderMion, i.e. the formation of oxonn by tho 
autoxidation of phoaphonia. 

Engler and Wild auggisibdl llie fuliowing sequence of 
reactions: ■“* 

UP 4 O, - J*A 1 


M 

Pt( ! 4 0. 


o 


I’.C) + 0„ 


whilst Ostwaid iuggested that a itill higher oxidation fom 
of phoiphoraa waa producedi im an unatablo tntom^iale 
product:— 

2 F + 20 , » I 2 -4 IV) ♦ 0 , 

thus giving tho ■toiebiottiatirtc ratio, I* ; O,; 
a#uaU| dbtotndl by vw'l lloff. 




2:1 which w»i 
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The fundamental difficulty inherent in the peroxide theory 
was raised many years ago in a remarkable essay by Gr. Live- 
ing Chemical Equilibrium, the Eesult of the Dissipation 
of Energy/’ Cambridge, 1885). It is evident that the per¬ 
oxide formed must be endowed with available energy 
greater than that possessed by atmospheric oxygen, and it is 
thus difficult to explain its formation as the result of an exo¬ 
thermic reaction from phosphorus and air. It is usually 
assumed that the chemical energy of one system is not avail¬ 
able for another totally different system, i.e. that the energy 
liberated during the oxidation of phosphorus is dissipated 
through the system in the form of heat. Liveing introduced 
the interesting hypothesis, that in certain cases, the liberated 
energy was not dissipated in this form, but stored up in one, 
or at least a very few, neighbouring molecules, which would 
thus be endowed with a great deal of energy. Thus we can 
imagine a simple transfer of energy from one set of reacting 
molecules to another set, molecule to molecule, and thus ex¬ 
plain the simultaneous equivalent formation of an endo¬ 
thermic compound, during a strongly exothermic reaction. 





action, wo would oxjuvl, m »imI liy KrtroHl i" Kcit. 

KlektrfHJhcra.,’’ o. H91, 15W;i), tlwi il»<- ojjinliliriuiti 

no, z 

would shift over from loft In rinbt with idiH-tttion of this teni* 
poraturc. An apjifoximatu of the owms rwicimlmtion 
in e»|wi!ihriiitn, with osyi^ioi iii variona ti*inpi»mtMr«*«, can b® 
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G„ - 3-5 + 2;9T, 

where is the molecular specific heat and y9 a constant. 
Making these two assumptions (and much experimental evi¬ 
dence has been adduced to prove the validity of the Nernst 
heat theorem), it is easily shown {loc. cit.) that the equilibrium 
constant can be obtained from the following equation:— 


logi,K 


+ 1-76 log 2,0, 


whore Q is the heat of reaction, 

and v^a + vjb vfi -k- vji 

V «• I/„ + - Vi, 

K, J'o. Vt, Vi being the number of jnoleoules of such species, 
a, h, c, d, reacting, C«, Cj, C„ being the so-callod chemical 
constants of each element or compound reacting, 

8-5v 


and 


o SvO, 

p «. 


applying this equation to the case under consideration, viz.:— 
2O3 - 80a + <58.000 calories. 

- [23 - [8] - > 1. 

« (2 K 8) - (8 X 2*8) « - 2-4. 

Information as to the specific heat of ozone is at present not 
available, but with Pollitzer, we may, assume that its value is 
not very different from that of the other triatomic gases, such 
as sulphur dioxide, which has a molecular specific heat of 
lO'fi, then 

a - (8 X 7'2) + (2 X 10*6) + 8-5 

.. 

ll«atce 


0*005. 


log " 1*75 log T + - 2'4. 
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If X be the fraction, of oxygen converted into ozone at equi¬ 
librium, then since:— 


K„ 


i>®02 ” i) 


when X is small, and p is the total gas pressure, 


log a: = - 11^ - 0-875 log T + 0-0005T - 1-2 + i logp. 


from this equation the values of x, and thus the percentage 
of ozone present in oxygen at equilibrium at various tempera¬ 
tures, can be calculated thus— 


T° centigrade. 

p = 1 
lOOa; 

P = 10,000 atmospheres. 

1000° 

10-8 

10~« 

2000° 

10-' 

10-5 

3000 ° 

10-8 

10-1 


It will be noted that increase.of pressure greatly favours high 
equilibrium amounts of ozone. 

Somewhat higher values for the equilibrium amounts at 
various temperatures are arrived at by means of evaluating 
the piagnitude of the potential difference between the ozone 
and oxygen electrode (see p. 63). 

The potential difference between two platinum electrodes 
immersed in the same electrolyte, one saturated with oxygen 
under a pressure tt, and the other with ozone at the same 
temperature and pressure tt^ is given by the equation:— 




RT , TT 

W V,’ 


where V„ represents the value observed of the potential differ¬ 
ence O 2 /O 3 , at one atmosphere, under conditions of reversi¬ 
bility. 
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I here exists considerable uncertainty as to the values of 
V,. thus Luther and Tnglis (“ Zeit. Phys. Ohem.,” 43 , 203, 
1903 ) ohtaiiHid thci value = — 0'736 volts; Nernst (“Zeit. 
Kiektrochcm.,” 9 , 891, 1903), V, = - 0-57; Fischer and 
llrauner (“ 39 , 3031, 1906) — 0'64, and - 0*46 volts. 

Calculation from the value of K obtained by the Nernst 
heat theorem as follows, yields the value - 0-83 volts 


log K,. « 


68,000 

4W1I? 


1-75 log T + 


0005T 

4-571 


- 2-4. 




\ 7 %~' 


273 X 4-571 
4 X 23;046 


O'OOOST + 1'2)] = — 0-83 volts. 


It is ovidirnt that if the pressures of oxygen and ozone are 
80 sdjuHted that the cell shall have zero E.M.P., this will 
represent tho equilibrium conditions between oxygen and 
ozone. 


or 

or 


V, 


BT 

2F 




A 

T> 


where A is a constant 


2FV„ 
“ E • 


Tho values of the percentage of ozone in equilibrium with 
oxygon under one atmosphere pressure at various tempera¬ 
tures, as calculated from the above equation for the two 
extreme values of V„ i.e. V, = - 0-83 volts and V, = - 0-46 
volts, are given in the folio-wing columns 
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PertYnimje of 

Ozom*. 

Equilibrium 
Trmpff uhitr, 

r., • - o‘h:s 

Ki| fit life i«??t 

10 

imr 

. lliMr- 

1 . . , 

mmr 


0*1 . 


. imf 

0f)l . 

mir 

. imr 

O-CX)! . 




It will bti noUul tliat in thin calrulalinti tlic! <'}mn}»c in 
8p(!cific heats nf llu; j'ases with alU ration in tho t< inp* rHt«r«s 
have been ne^'lecteil, eonswiiuintly tin* vahics are probably 
Honiewhat toft hi^h, and in view «if lln; wide diserepancies 
between tins two values an ixjMn'inieiital redeternii rial ion of the 
oxygen oxone eb’etromotive force wonlrl 1 m? very dcHirabb*. 

h’roni the foregoing considerations we rnnst crtnclnde that 
the quantity of ozone in eqnililtrinin with atrmisjdierie nsygen 
at normal t(!m|H;rat«rii and pressures is scarcely detectable, 
and that if present in nn-asnnilde coneeiil nit ions under these 
conditions true eqnilihrimii drsm not obtain. Furlher ap¬ 
preciable (piantiticsof ozone may b« forruod at high tetripera- 
tures and should Imi capahlo of detection and estiiimtion. 

The estiiriation of ozone in gases whieh have heeu heated 
up to a high temjs?rature. is HOUiewhat diilicult riwing iu the 
fact that ozone rapidly undergmjs decomposition to its 
oquilibriiun concentration during the eaKdiny t.f the gas luis- 
tmu Dewar ('‘ Year Dook it.l.," S5*>. iiifemd that 

ozone had two centres of stability, one almve the imdi mg point 
of platinum and the other at ordinary temp'raturi s, wbrlst, 
between these terapemtares ozone is cl««ompo(.ed, (liapiiuui 
and Jones (“Trans, Cheni. 8oc./* 07 , iilbd, I'Jld, and 00 , 
1811, 1911) showdl that at iOO'C. nearly fa?r cent, of 
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tlH! trMmv in excvm of the almost undetectable equilibrium 
amoimt is dostroyejd in Imif an hour, whilst at 300'’C. it is 
practically instantaneous. 

The explanation of these observations of Dewar is that 
the vtilm’ity of dceornposition tdozone from high temperatures 
down to 1 (H) is extromoiy rapid, whilst hciiow 100 " (3. the 
velocity of decotiipoHition hecomes markedly slower and the 
ozone apfsiars to bu stahio on aceouut of tho oxtreiuoly low 
veltKiity of deeotiiposition, the equilibrium being “ frozen 

The earlier expriinents of Hchonbein (Kngler, "Hist. 
Krilic Studicn iiber Ozon," Halle, 1H79), Bottger (“ Ann. der. 
Chein.," las. ’H, IMOl), I’incus (•' Pogg. Ann.,” 144 , 4B0,1871), 
Struve (" Jahresbor. f. Chem.," 199 ,1H70), and Traubo (“ Ber.,” 
18 , 1H94, 1885), all indicated that small quantities of ozone 
were fonnod during the combustion of hydrogen. Similar 
results were obtained by the combustion of coal gas, notably 
by Than (“Jour, f, Fmkt. Chem,," a, 1415, 1870), Loew 
(■• Ziiit. t. Chem.," 65 . 1B70), IloBvay {“ Bull. Hoc. Chem.," 3, 
2 , OfiO, 1881), whilst i^enghilis demonstrated tho presence of 
(" ymi. Phys. €h«m.,” 46 , 1903) in the oxygen which 
had Isfou rnised to a high temperature by tho combustion of 
aluminium powder. 

Confenif^rary with these investigations, others were 
earned out on the synthesis of ozone by merely heating air 
or oxygen by means of an independent source of heat, as the 
objttction may to raisetl to the former experiments that the 
ozone may have been fown^ by chemical activilgr (see Ch. III). 

As catalytic apnt hot platinum or silver was generally 
employed, notably by V. der Willigen ("Pogg. Ann.,’’ 98 , 
511 , 1831 ), Meissner (“Heue Untersuchungen hber Elekt. 

d 
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Bauerstoff,” (iottingfii, JHG5), Litoux; (*' (ML." 5 «», GUI. |Kr,(!j. 
Troost and Hantofeuille (“C.K.," 84 , UMl, |H 77 i, IG lmlioitz 
(“ Wicd. Ann.," 32 , 18, lHH7),and Klsktrajul (li its ! f“ Wji-d. 
Ann.,” 39 , 012, 1800). 'i'rotwt ami HiuUi f« lullr r/f.) 
detected the pre.^enw nf ozorn- in whiiOi iisui 

heated up to only 14(H) The nsyyen wan heaii «1 hy pjoi' a^e 
through a porcelain tnln! inaijitained at 1 HH) In uj-der to 
etTcct the rapid cooling of the gan a wall r rooie.l ftilvi r tuhe 
passed along the a-xis of the porc,elain ttihe. Hiiinpli M »»f 1 ),\ygr ri 
were drawn from the annular ajjaci* Ijctwcen the (lorcehiin 
and the silver tubes by aspiration through a Hiimll side tube 
which passed into the silver tiilie itself. 

J. Clements, at Nernst’s instigation in 1004 i" Ami. f'liyH.,*’ 
14 . 004, 1004), reviewed the whole subject and caini< U, the 
conclusion that many of the previous observers had iiiistakon 
oxides of nitrogen or hydrogen peroxide for urntw. Ity the 
use of Arnold and Mentxiirs tctraim thyl base pajs f <■* Iter.," 
3 S. 1324, and 21X)2, ltK)2), which is diagnosli*; for ozone, 
Oloments showed that 0 x 0110 couhl he detected in ih*- hot 
gases from a Bunsen burner, but only in very snml! ipianlities. 
(Tetramethyl base pafior is stated to be sensitive to f) iK)l per 
cent, ozone.) 

By thejms^e of ojionwed air containing i per w in, of 
ozone over a glowing Nernst filarnont nminlaimd at HMt i\ 
at various speeds up to 80 cms. per second, he shinvi-d that 
the rat© of decomposition of ozone was cxtreniely rapid, I 
per cent 0 , sinking to OtlOl per cent, in OU07 steondH. 

In ^sing air over a Nenist glower even when ht atf d up 
to :?000‘’C., only oxidt* of nitrogen wttrn obtuiiied. a reiuilt 
which was confirmed by liossi (“ (lax. (‘him. Itul ,‘' 3 S, 1 , hU, 
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1905). (’lemonts, hovvovor, confirmetl the formation of ozone 
by Hjiark discharf^e, and Erode (“ Zeit. f. Eloktrochem.,” 
II, 754, 1905) observed the formation of ozone in tho high 
voltage are at 4000 C. Ozone formation in these latter 
cases may, however, la; attributed to tho action of ultra¬ 
violet light (see p. 79) or electrical ionisation, and not to the! 
result t»f the; emtablishmijnt <tf a purely thermal equililirium. 

I''ischer ami Ids c<»-\vorkers Erauner (“Ber.,” 39 , 940, 
190(i), Mar-K (“ Ber.,’’ 39 . OOOl. i'.KM), 40 , 449,1907), and Wolf 
(“ Ber.," 44, 2950,1911) rtsalistjd from Troejstand Hautofouille 
and Clements’ experiments that rapid cooling was essential to 
preserve any ozone which might be formed, from secondary 
thermal decomjmsition, during the process of cooling* to the 
point where the reaction of decomposition was negligibly 
small, 'rhoy showed by a series of interesting researches 
that ozone could Ire formed by thermal methods provided 
that the right conditions were obtained. 

It was slsown that ozone could Ire produced by plunging 
a jet of burning hydrogen or acetylene into liquid aiv, the 
ozone formed by the local heating teing thus preserved by 
rapid cooling. 

When liquid oxygen was substituted for liquid air, large 
fjuantities of ozone were formed and the liquid rapidly be¬ 
came dark blue in colour, similar to ammoniacal solutions of 
copper salts. When an electrically heated platinised wire 
was imnieHsed in liquid oxygen, practically no ozone was 
formed. This somewhat unexpected result was shown to be 
due to tho fact that the platinum wire in the liquid oxygen 
underwent dispersion into colloidal particles which catalytic- 
ally acceleratdl the decomposition of the ozone. A bright 
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platinum wire, protortetl from iliKpcrHioi} li_v a rnitfjn;' nf }ijj. 
oxides of j^irconimu and yttrium, «avi‘ tt njiifonii yi* !4 of 
ozone. Using a glowing Nernst filaim n) m h jiud aii and 
oxygen, ozone was produced and no osidn sof n. 'fho 

yield of oz«n<! roaf. Hfeiidily wilfi iiior'-a.-^ing !< mjii nitin**, (hi- 
mnxinmm etjuilihriuiu amount being 1 b p* j mil by wi iidil 
at an appmximalo toinpi»ratnre of ‘iiOH i ib'tjr.- whii-h 
bears a strikingly closo agri-i'inent lo tlml ohpuju-d In • jtli'iila- 
tion from the (dectrnmotrie forer* of tlio oxygen ozoni rcll. 
Taking V„ - 0*4b volts, tliis corresponds lo an o juiJibnum 
amount of 1'5 jHir cent, by weight at ‘iOih i‘. 

Utilising an arc in liquid air a mixturi! of ozone and nitro¬ 
gen peroxide was obtained which frequcnlly r.tplodrd when 
attempts were made to separate tlje residual oxygen 

(B.P.O, - 1‘ir (’.. O, imTi. 

The maximum yield of osania obtatnrd by mi am. of a 
glowing Nernst filament in liquid oxygen was -10 mgius. in 
twenty-fiva rninutea with a current eonauiiiplion of 0 2f» 
amperes at KK) volts e«j«al to a yield of .’i f* grttm« of nzonu 
per kilowatt hour. 

Fischer having thus demonstrated tbo thermal proilactiwi 
of ozone with the aid of liquid air, proceeded t« extend 
CiementB' experiments on the production of ozone by {iassing 
air at a high flow rate over a glowing Hornst filament. Wo 
have already noted that Clements was not able to detect the 
thermal synthesis of ozone with air-flows of linear spi ed*., 
up to 80 cms. per second. Fischer and Marx, using much 
higher velocities, showed that ozone was forinwl itndi r thuwt 
conditions and obtained a series of interesting reaulls by 
studying the conditions of oxidation. 





THBEMAL PEODUCTION 


53 


When dry air is passed over a glowing Nernst filament 
two endothermic compounds may be formed, viz. nitric oxide 
and ozone. If moist air be employed the presence of hydro¬ 
gen peroxide may likewise be demonstrated. The thermal 
equilibrium concentrations of nitric oxide, formed according 
to the reaction 

N2+ O 2 ;i2NO, 

have been obtained by Nernst (“Gottingen, Nachricht.,” 
p, 261, 1904) and Jellinek and Tinck (“ Zeit. Anorg. Chem.,” 
49 , 212, 224, 1906) and are given in the following table;— 


Temperature. ,Per Cent. Cojicentration 

°C. of NO in Air. 

1811.0'35 

2033 ....... . 0-67 

2580 . 2-02 

2675 . 2-35 

3200 . 6*0 


Jellinek (loc. likewise calculated the rate of decomposition 
of nitric oxide to its equilibrium value at various temperatures. 
Nitric oxide in this respect is markedly different from ozone 
since it is relatively much more stable at high temperatures; 
the times for the decomposition of half a given volume of NO 
to nitrogen and oxygen at atmospheric pressure are as 
follows:— 


Temperatwre. Time in Mmutes to TJffect 

®0. 60 Per Cent, decomposition. 

900 ...... . 7*35 X 103 

1100 ....... 6*80 X 102 

1300 .. . 4-43 X 10 


Similar calculations can be made for hydrogen peroxide. We 
should therefore expect that with relatively low velocities of 
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air-flow over tlio i^lowiiiii filiiin*‘iif:. «*ii!y- muh'^i nf 
fil'ioulcl lio obiitinod ; %vii!i hi;4li**r *4 

aiici nitric! oxicir?, iiritl tvilli liiidi ntily 

ninm the rate of f?irinati*ai of nitnr hh writ lo.- it rati* uf 

dcaionijirmiticai in lierntiliiy ihun that *4 A- \MJi h*' 

obnerved front thc‘ hdlowirn^ f4?ffitiM‘4 by b‘iiir!tit*r iiiid 

Marx, tliia t.lif*or«4:iea.l ciedueHoii i.-i nmi^y emiiinm-A liy 
pcriineni: ■■. 


Fhm III. 
Mfinm Hi 

2‘H 

ri 2 

m* 

m 


f'« 

r'./’flify. r*sj'vf, 

* 1 , 

n. leil* Kfi^ 

; 4 irv**5 NO,. 


At flow ral€« exeeedmii Ml nit-irt^a |M*r no eec.idi*ii rd 

aitrogeii eoiikl lie tl«4eet*'4 in llie air f-ait mapi 

praseni *^rhf? yield «if tr/,mw wm iiiflinaired lioth l»y llie 
toiiaparatiiro of iln^ ulowiiii: filaiiii-iil aa madl an l>y lln! 
linear veloeity of Iht* gut* ati 4io%tii iti Iti** »p|i«:iitiei| 
tablei 
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Weight Per Cent 


Imilij fif A ir 
/ Vr 



Omn, Og 
Per Kw. ilf. 

Air, 

Oxygen. 

i 

«.(, tso(r> 0. 


m ! 

D‘OU 

0-049 

0-29 

41 ! 

m 

0-010 

0-0B2 

0-86 

OOil 

0-001 

1-16 

; 

0-010 

0-080 

1-28 

?5 ; 

0*01‘2 

0-OS2 

1-07 


fn the preKfince of water vapour, the yields of ozone are 
conHi<lnrabIy lower, anti hydrogen peroxide is formed. The 
influence of the water vapour was likewise investigated by 
Fischer with the following results :— 


IFifili'*r Vupmf 
m 

mm, iifj, 

'0 . 


Wl. Per Cenl. 
nf Oj. 

0-02U) 

Wt, Per Cent 
IWn m 

10 Ibilrm. 

OfMI« 


0-0176 

, , , —. 

5-0 . 


0-00!Mfi . 

. , * «—« 

ICH) . 

• 

0-001S6 . 

. 0-011 

44 1 . 

* 

0-00106 . 

O 

o 

149-i . 

. 

0-00076 . 

. 0-074 


Acettrding to this investigator, the function of the water 
vapour when present in but small quantities is purely cata¬ 
lytic in depressing tho yield of ozone by accelerating the 
normal decomposition according to the equation— 

20, 30,. 

When present in large quantities a reversible equilibrium 
obtains as follows:— 

O, + H,0, H,0 + 0, + 20. 

Nernst (lod. cit.) has calculated that the ratio of the equili- 
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brium concontratiouH of jind 0 fornn d acKoniinj; to tho 
reversible equations 

f)j ( >.. t>, 

c), o f- o, 

is as to 1 or atomic oxygen is jirostutt in ahiinHt vanish¬ 
ingly siimll concentrations; coiiSf;iju«.*ntly, in the above reaction 
the yield of ozone and of hydrogen {icroxiflc is »*s!rcmf!y 
small. Fischer was thus aide to prepare o?.on<% nitric oxide, 
or hydrogen peroxide, all endothermic conip»>iind«, fmm air 
and water vapour at will by controlling the conditionM m as 
to take advantage of the diflferent rab*H of formation and 
decomposition of those substances at detinite teinperiilorcH. 










CHAPTER V. 

THK KLECTROI.rrtO PREPARATION OF OZONE. 

As early as IBOl Cruickshank drew attention to the fact that 
electrolytic oxygen, generated by the electrolysis of dilute 
sulphuric acid at insoluble anodes, frequently contained 
ozone. 

Schonbein <“ Ann. Phys. Chom.,” 50 , 616, 1840) showed 
that the optimum yield of ozone was obtained when the sul¬ 
phuric acid electrolyte contained 23'5 to 26’9 per cent, of 
sulphuric acid ; solutions of phosphoric acid when submitted 
to electrolysis likewise yielded small quantities of ozone in 
the anodic oxygon. 

De Marignac (“ C.B.,” 20 , 808,1846) appears to be the 
first to point out the necessity of using cool electrolytes for 
tho production of ozone; similar observations were made by 
Williamson (“ Mem. Chem. 80 c.,” a, 396, 1846), H. Mei- 
dinger (“ Ann.," 88 , 67, 1863), and Baumert (" Phil. Mag.,” 
4 , 6 , 51,1863). 

The next Sidvance to be recorded was the observation of 
H. Moidinger (” J.C. 8 .,” 7 , 161, 1864) that small anodes 
were essential for the economic production of ozone. With 
tho aid of an electrode only 20 mm. long by 0‘6 mm. wide, in 
a sulphuric acid electrolyte of density P9, he obtained 0'8 
per cent ozone in the anodic oxygen. 

floret (“ Pogg. Ann.,” 93 , 604, 1864), showed that the 

(67) 









iikom: 


fjH 

Cjiiantity of liboratfMi in tlir* fl«^ti'rfiiiiif*(l !iy 

viiriouH factum. Ah electrode, imitcriii!, 1111^111 jiliiliiiiiiii, 
gold or platiniiiEn iridium w«ut! fuiirid iiiriHl Huioiltlc, Hiricf! 
othc^r alactrotic matcriiilH, hiicIi tm ^4lvcr, !*liif*k pluliiiiiiii, 
or oxide? anodog, guch m itaid, iron or nvmumm’m^ a very 
coiiHiclr*rabIc» activity in the tuiliilylic flr:eoiri position ai imy 
ozone which miglit!»? formed iif the 

The tem{w*niiiirfi of the giil|di«rie acid i-lf^fd.rolyle and iilso 
of the? lincide ilrndf |iliiy.rt an tmpmimii pirt in iditiiining 
relatively large yieldn of ozone. Buret {^or, n'l.i ohliiiiiefl ttie 
following ozmie r?om*eiitratirinH whtu'i lining rnmnUini vnmmlM 


and eleclrolyle umupmiikm 

Tiinptminrf, 

ihn%, le. |#r 


. 11 

~ ITiX . . . . , 

. tf-f 

t:. . . . . . 

. fill 

Db la Coux (“ L’U/.oiirt, ' ji, 7 U) {jivcM tin* fulluwirui vajtiim 

the volume! {jcrci fitat'o of ozone 

libomti'fl in tlu! t»xyfti*n 

difTcretit temptiratiirna :*—> 

Ivlectrolyli*: 

: ir ,0 ; ; 1 ; f». 

Tmnimmimt, 

IXImfm l-Vr fV'«|, 


. m 

r^r a . . . , . 

. 1 

I« 4 i «iti mil Irmnuf^ mMmm , 

. U 


Anilrewa (**FhiL Traa«./* i, Iii/illk *Srhl p^r 

cent iiilphttri.e mii mu cltaitrolyiftii a hiifirli uf fikltniiiii 
wires as anodc% kepi eoo! during iiii*cir«iiyiiii l*y imiiiermrii «f 
the cell ia ie# water, obteiaed f)M pt^ rent Mmmt 

f* liiir./* 4 1274| 1BI8) eJaiaiiMl the |ir*4iicliiiti *4 to 
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HT> per cnnt, ozone, and Carius (“ Bor.," 174, 1, 1874), 3‘44 
}w>r cent, of ozone by similar means. 

Berthelot in 1878 (“C.B.,” 86 , 74, 1878) observed the 
formation both of ozone and hydrogen peroxide in sulphuric 
and other tilrjctrolytes and that high anodic current densities 
were essentia! for the production of ozone. The conception 
of anodic current density as distinct from the utilisation of 
small anodes marked a fundamental advance in the electro¬ 
lytic synthesis of ozone. 

Perstilphiiric acid (H.jB/)h) is simultaneously produced 
when very concentrated tdectrolytes are employed. 

The investigations of Berthelot were continued by 
Richarz {“ Wiedemann Annalen.,” 34, 183, 1886; 31 , 912, 
1887), who determined thes yields of ozone, persulphuric acid 
and hydrogen peroxide respectively with various current 
densities and varying sulphuric acid concentrations at 0° C. 
It will be noted from the following tables that Richarz con¬ 
firmed the previous observer’s results as to the necessity of 
high anode current densities and relatively concentrated 


electrolytes 



CmknlmlM 

iliirinf « 

Tim% 

liiirm. 

Ykld nj Oxygen in ths Worm of: 
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3*74 . 

, «— 
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mm 
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MoLwwl (“TrauH. ('Iutii. Snr.,” 44. 51 , inHl'ij l•f^nfl^cted a 
vj!r.v tharoiif»h invrHtigafion this «•!^'<•trf»lytir pruparalion 
a{ ozoiw, his Hhowctl till! imjmrlanci* t>f this vari»»»i» factors, 
viz. :ici<l density, tcniprrattins of ih« wtiintion and current 
density to wlsich altcnlifui had !«*«•» drsiwn hy previous 
investigator. 


From tins following figures the isxtrannhiiary good yields 
ohfciined hy McLeod arc evident: 
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This infiuenco of the acid density on the pritfluclion of 
available oxygen in the electrolyte in the term of peraulphurie 
acid and hydrogen peroxide wm likewise invcstigatol, the 
optimum production occurring with an scsil density of 
HpiKjific gravity 1’20 with a current ieoiity of M waps, pr 
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sq. cm., as is evident 

from the following figxires taken 

McLeod’s data:— 



Curremt Dm^dy 
Ampn.ISqMiii. 

ieici Dmnty, 

MaU. actim 

Per XOO MoU. 
evolved. 

Bl . 

. i OB . 

. 11-08- 

m . 

. MO . 

. 2()-B0 

M . 

. M5 . 

. 25'B 

m . 

, 1*20 

. 84 

m . 

. 1'25 . 

. 29‘9 


With the iiitrochuition of the ionic theory by Arriionius 
and van’t Hoff in 18B7 a more Hystomatic invefifcigation of the 
anodic reactions taking place during the electrolysis of dilute 
sulphuric acid was commenced. 

It was shown that if the potential difference between two 
platinum electrodes in dilute sulphuric acid be gradually 
raised and the current intensity bo plotted against the ap¬ 
plied electromotive force a series of breaks occurs, which 
breaks, on the ionic theory, correspond to different anodic 
ionic discharges, the discharge of hydrogen being the only 
cathodic reaction. Careful investigation has shown tliat the 
ionic discharges associated with each break in sulphuric acid 
and electrolyte ans as follows ;— 




Afwdic Dmhargi, 




MIT . 

* » » 


pm * 



mm * 

• 



♦ 



In IBBil Nernst, by the introduction of the conception of 
electrode solution pressure, pointed out the method of deter¬ 
mining the influence of the anode potential on the discharge 

V 
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(»Z(iKK 


of anions without having to takci into aiiy imt}n;jclic 

reactions. 

If a platinum oluelrodo ho willi a 

■definite, presHuro at a hnnponitiirr of 1'", iiiifl imtmrBml in a 
Kiilphurie acdrl rdfotrolyto, iioriiial in re^^pert tu its liydri'Oti 
concentration, electriea! eqtiililjrium will finally li*? iirriYi-il at 
betweini the locygmi inoliTailos, atotiiH iiinl inns in ilir elec* 
trode and oloetrolyt#.% the elertrudi! hecfiiiiing jtiiHiiividy 
charged relatively to tin? Holiitifui hy the clineliiirge of nega¬ 
tively charged oxygen ianH. 

VO 

j 1 

4' ■ 

; + <)" 

i 4. ) 

I 4 ; 

and a condition of iscjnilibriuin wiU obtain whtm thi* jwitential 
diffurcsnco Ijotwcijn nohition and o!r?Ktrodi! iMjconnm HuJl’icicntly 
groat to prevent tho diwdiargo t*f any mnr«! nogativi* ioiw. 

ff V bo the cleetrodo-oloctmlyto potontial ilifTi ronoe, 
fd\ and fd)" th«5 molocular chotuion! ptitonlitdh uf the nxygon 
gas in the oloctro<l« and of oxygon ioiw in tb«' Kobitimi, thou 
if we iffiig?in 0 the transfer of a tjiiantity of oloetrimfy k from 
oloctrmie Ui Hoiution, the elia;tricaJ work will lo' I'jpial to 
~ VSe, the change in molecular chemical fwrtentia! |«tr mol, 
will 1 m> /*0| « ilftO’% Ihortffore, the wofk done r«t the transh r 
of thia fjuantjty of electricity is equal to 
1 / 2 ^ 0 * » utr , 

‘if ** 

where e m the charge aeaociatctl with one gram ion of a 
monovalent elemt^i 
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If the conditions of reversible equilibrium obtain, then 

V8« - Se. 

2 € 


Now 3 + E Ic)^ ttOo) for a dilute Bolution, where 

in inclepetide.nt of tlio conceufcrationB, it being merely a 
fimetion ul the? teiujxjratiire, 

Biniilarly ^ ^ViipO" -h B log CO"), 


Y 




I 


p :'' 

J-rrlhi 


'Ze 


=<“ V„ + 



CO" 

J'rrO>i 


l'’urfcht!r, since in aquoouH solutions 


yuO" + 2/4H - ^Iip, 


Y 


V.,+ 


HT, 1 

‘if 


which gives an exprosHion for the variation of the oxygen 
electrode potential, with altenition in the hydrion concentra¬ 
tion of the sohition and the pressure of the oxygen gas. 

The value of V« is approximately ~ 1’35 volts, whence 
the value of the aithad<? potential for a hydrogen electrode in 
normal hydrion solution under a pressure of one atmosphere 
is + T()8 - r35 » - 0’27 volts. 

If an oxygen electrode be sat up against an ozone elec¬ 
trode, the difference in potential between the two electrodes 
can he calculated in a similar manner and found equal to:— 


v; + 



wOj 

irOg' 


Luther and Inglis (“ Zeit. f- Physik, Chera.,” 43 , 208,1908) 
first attempted to obtain an approximate value for V/ by 









fi4 


(iZOXF. 


measurement of the potential difference iM'tween an oxygen 
and an ozone charged platimim electrode immersed in dilute 
sulphuric or nitric acid. I'hey ohtaintvl the vahie 

v; - ~ nw> volts. 

We havt) noted tliat approximately the tcuiie value, viz. 
“ O Hd volte, can ho obtained hy calculatioii from flic Nernst 
heat theori'in. SuhHetjm'nt lUveHtigatorH have found con- 
sidorahly lower values; Xerimt t" Zeit. Klektrotdiem.,” o, Bt), 
1901S) obtained the value V. « O'fii, and h'iMdier and 
Hrauner(‘VBer.,'’ 34 , 30 : 11 , HKh)) the values - O RHo {)'40 
volts. It would apiKjar frotn the experiments of these latter 
observers on the thermal eijuilibriiifii, that tin! lower value, 
viz, - 0'50 volts is probably loori! Cfjrrect. It is {jossible 
that th(! higher values ohtsiined by the earlier experimenters 
were occasioned by the presence of oxozrme O, in the ozone 
round the electrode, and a rcinvestigatiori of this eiiwlnalie 
reaction is (dearly emin«!ntly desirable. 

From the alrove, calculation it is evident tliat an extremely 
high anode |totential is required to reinovi? tie? formation of 
ozono, whilst, in order to ensure its stability when prwinced, 
both electrode and electrolyte inuHt be kept cold , l*'ischi?r, 
Massenez, and Bendixsobn (*' Zeit, Anorg. Ch«'m..“ $ 3 , 
Vm; 11,229, 1907; 61 . 13, 153. 19091, realising these in,, 
portant factow, improved upon McLeod’s resulte by adopting 
the artifice of water-cooled declrodes, in addition to tb,! sup' 
plcmcatary cooling of the electrolyte. 

fo thdr earlier oxperinjcnts, a amal! plaiinurn tubo II mm. 
long wan scaled to two tortnindl glass tutea and served as 
anodri: the tab© itself was covered with glass with only a 
thin strip, 0 4 mia, wide, eapoadi to the electrolyte 
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Cold water was circulated through this anode, and the 
electrolyte was kept cool by immersion in ice water. 

Utilising an anodic current density of 58 amperes per sq. 
cm., and a sulphuric acid concentration of density 1*075 to 
1*10, a yield of 17 per cent, ozone by weight (11*3 per cent, 
by volume) was obtained in the anodic oxygen. 

A glass-covered, rhomboidal, platinum tube was then 
substituted for the cylindrical one, and one edge, 0*1 mm. in 
width, was exposed by grinding away the glass. The length 
of the tube was 11*5 mm., and it was maintained at - 14® C. 
by circulation of a solution of cold calcium chloride. A yield 
of 28 per cent, ozone by weight (19 per cent, by volume) was 
thus obtained. By embedding platinum foil in glass, and 
exposing one edge only, 0*01 mm. wide, to the electrolyte, 
slightly lower yields were obtained, viz. 23 per cent, of ozone 
by weight. 

In confirmation of McLeod’s results, the optimum 
concentration of sulphuric acid lay between = 1*075 and 
1 * 10 . 

They noted that the quantity of ozone produced per kw. 
hr. rose steadily with continued use of the platinum, which 
became quite bright and burnished by the gas evolution in 
course of time. 

A yield of 7*1 gms. per kw. hr. was obtained at a potential 
difference of 7*5 volts, and an anodic current density of 80 
amperes per sq. cm. If we calculated the theoretical pro¬ 
duction of oz6ne per kw. hr. from its heat of formation, i.e. 
34,000 calories, the yield of 7*1 gms. per kw. hr. indicates an 

7T 

electncal efficiency of only ~ cent 
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and thuH iucrciiHing the yield of nzaie* })j*ji»(Vitn imd Oard- 
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liktswiso 1 m! atdjstitiitrd for the |iom»«tigan!it»’. 

8t. I'iduin a<if>pt«*d the »!omi!wiiat ing«'ni«*ii*. rni thod nf 
obtaining a high anode current density, hy emidnying 
moistened crystaln of phosphoric mod, or canstic potfwh nr 
soda, 118 thci oksctrolyte. 

In this way, tlin eleotrolytn was given anflieifrnt conduc¬ 
tivity for paaaage of llm curr*mt, ynl at the waine time r»n!y 
point contact laitwceu the nioistencd Krj’t.tids and the antalB 
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Arcbib^d and von Wartenlairg (" Xeil. Klektrtrheni.,*’ 17, 
81 ‘ 2 , 1911 ) pointed out that the low yiehis t»f nitofiM accotn- 
panying the electrolytic decniiiposjtinn of ddute stiiplmrk 
acid were probably oecaainndl by lh« high degree fd anMtic 
polarisation that wa* prmhiced when nfs-rttiirig af high cur¬ 
rent denaities. In agn-oinent with Fiwher they cojwidered 
that the primary formation of osome taken place aecording 
to the equatiiMi— 
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ut that the subsequent catalytic decomposition of ozone at 
h.e electrode surface 

2O3 3O2 

^as not the most important factor. It was suggested that 
le ozone thus formed is further oxidised at the anode— 

O3 + 0" 2O2 + 20, 

Dnsequently, if the anodic polarisation could be diminished 
ithout alteration of the anodic current density, increased 
lelds of ozone could be obtained, since the secondary oxida- 
on would be diminished. 

A series of experiments were carried out in which an 
Iternating current was super-imposed on the direct current 
owing through the cell; this method of reducing the elec- 
ode polarisation having been utilised in the Wohwill pro¬ 
ves for the electrolytic parting of gold and silver, and in the 
ectrolytic preparation of hydrogen peroxide. As electrodes, 
lort platinum wires or platinum capillaries cooled with 
ater were utilised, as electrolyte sulphuric acid of varying 
irisity, whilst a direct and alternating current of variable 
jxiodicity was applied simultaneously to the cell. 

It was established that the optimum acid density varies 
ith the area of the electrode and not only with the current 
jrisity, more concentrated electrolytes being desirable for 
g electrodes as indicated by the following figures:— 

Area of Electrode Optimum Add 

i/n S^~ Cm, Density, 

0-04:1 1-84: 

0-338 1-478 

ae 3 deld of ozone wais also affected by the periodicity of the 
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difference necessary to effect the passage of this current; in 
the above case only 2*75 volts being necessary with an anode 
potential of 0*71 volt as opposed to 7*5 volts required by -F. 
Fischer for direct current. We can calculate from the above 
data the production of ozone per kw. hr. as follows: 
96,540 coulombs or 26*8 ampere hrs. liberate 1 gm. equiv¬ 
alent, or 11*2 litres of oxygen gas. Under the conditions of 
operation, however, the liberated gas contains 37 per cent, 
of ozone which would result from the condensation of 55*5 
per cent. (37 per cent. + ^ 37 per cent.) of the oxygen, which 
weighs 4*40 gms. Hence 26*8 ampere hrs. liberated 4*40 
gms. of ozone. The potential difference which has to be ap¬ 
plied to the cell to effect this liberation is 2*75 volts, thus 
4*4 gms. of ozone are produced by the expenditure of energy 
equal to 26*8 x 2*75 or 73*7 watt-hrs., representing an output 
of 59 gms. per kw. hr., or over eight times the yield. This 
yield approximates to those obtained by the method of the 
silent discharge, and it would appear possible, if larger 
electrodes, and a cooled electrolyte were employed, to develop 
this method of producing ozonised oxygen both for strong 
and weak gas concentrations for the purposes of technical 
production: 







CHIPTEE VI. 

PBODtroriON BY ULTEA-YIOLET BAEIATION. 

In’ 1900, Ph. Lenard (“Ann. der Physik,” i, 480, 1900), utilis¬ 
ing a quartz mercury vapour lamp as a source of energy, 
skov^ed that ultra-violet light of extremely short wave length 
was an effective agent for ozonising oxygen. Both Lenard 
and B. Groldstein (“Per.,” 36, 3042, 1913) stiowed that 
ultra-violet light in the Schumann portion of the spectrum 
within the spectral region \ = 120 /i/i to X = 180 yu/x exerted 
the maximum activity in this respect; Qoldsteixi (loc. cit.) 
actually obtaining pure liquid ozone by means of a quartz 
vacuum tube. Eegener (“ Ann. der Physik,” 20 , 1033,1906), 
who reinvestigated the matter, noticed the interresting fact 
that althongh light of wave length X = 120 /aya to 180ya/i was 
a powerful ozonising agent, yet light still in the ultra-violet 
portion of the spectrum of wave length X 230 yn /4 to X = 290 fx/i 
(especially X = 257 /x/t) exerted an equally eflfectiwe catalytic 
decomposing effect. Ozone is thus formed by light of short 
wave length and decomposed again hy light of slightly longer 
wave length. According to E. Warburg the ozonisation 
effected by ultra-violet light likewise increases steadily with 
the pressure of the gas (“Deut. Phys. Ges. Vehr., 17, 10, 
184, 1915). 
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Effect of Eadiation of Short Wave Length. 

Sinc 6 marked concentrations of ozone result wtien oxygen 
is subjected to irradiation in light of this wave length, it 
necessarily follows that the energy necessary for the forma¬ 
tion of ozone from oxygen is derived from the light, the 
process of ozone formation heing a typical photo-chemical 
synthesis. 

According to Planck’s quantum theory (“ Vorlesungen 
iiber die Warmestrahlimg,” M. Planck, Leipzig, 1906, pp. 100 , 
et seq.), radiant energy is discrete, and can only be emitted 
by an oscillator or absorbed by a resonator in definite quanta.^ 
The magnitude of the quantum bears a definite relationship 
to the frequency, of the light e = hv, where e is the magnitude 
of the quantum, v the light frequency, and h Planck’s constant 
equal to 6'85 x lO'^’^erg seconds. 

Quanta, or the units of energy, may be emitted or absorbed 
in single units or in even multiples of that unit at a time. 
Two hypotheses have been advanced to explain the directional 
motion of the quanta since it is evidently rectilinear in 
motion. A. Einstein (“ Ann. der Physik,” 17 ,133, 1906 ) pos¬ 
tulates an entity for the quantum in the form of a light cell 
which moves uniformly in the direction in which its centres 
of gravity is projected. Sir J. J. Thomson (“ Proc. Phys. Soc.,” 
14 , 540, 1908; “Phil. Mag.,’’ 792 , 1913) has advanced the 
ingenious hypothesis which assumes that the light travels in 
the wave form as postulated on the old hypothesis, but that 
these waves are confined to certain directions, being virtually 

is, of course, possible, and indeed more probable, to assume that radiant 
energy appears discrete because matter is discrete, and that the radiation 
itself is continuous. 
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VinTrs in Faraday tubes which project from the point source. 
A beam of light is thus compared to a bundle of a number of 
Faraday tubes, and light transmission is effected by trans¬ 
mission of pulses naturally of definite magnitudes, and there¬ 
fore in quanta along these tubes. 

The elements when raised to a high temperature emit 
light in the form of spectral series. In all elements two 
distinct types of light emission can usually be observed, 
namely,band spectra and line spectra. Various investigators, 
notably H. Delandres (“C.E.,” loo, 1256, 1885, et seq.) have 
shown that the elementary band spectra can be divided into 
groups related by the expression v = + /3, where ^ and B 

are constants, and n a series of integers, whilst in each group 
the frequency of the bands are also related by the ex¬ 
pression :— 

j/(, = A (m + a)^ + d, 

where A, a, d are constants, and m a series of integers. 
Again, in the line spectra, J. J. Balmer (“ Verb. d. Natur. ges. 
Basel,” 2, 648, 750, 1885; “Wied. Ann.,” 25, 40, 1886), 
C. Bunge (“B.A. Eeports,” 576 , 1888), F. Paschen (“Ann. 
der Physik,” 27, 537,1908, 35, 860,1911), and J. E. Eydberg 
(“K. Svenska, Vet. Akad. Handl.,” 23, 155, 1890) have, 
shown similar relationships. 

From these and other considerations (see J. J. Thomson, 
“Proc. Eoy. Soc.,” 14, 540, 1908; “Phil. Mag.,” 19, 331, 

1910) ; J. Stark (“Prinzipien der Atonadynamik,” Leipzig, 

1911) we deduce that a chemical element is not composed of 
homogeneous atoms or molecules, but that each atom or 
molecule is composed of at least two parts, one which gives 
rise to a line spectrum, and the other to a band spectrum 
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when excited. The light thus emitted is periodic in character, 
being produced by some form of oscillation or oscillators, 
each periodic movement corresponding to one series-of bands, 
or lines in the spectrum. 

From other considerations, such as the electrical pro¬ 
perties and radioactivity of certain elements, the composite 
nature of the atom receives confirmation. 

Sir J. J. Thomson, who first suggested this actual structure 
for the atoms, although speculations on the electrical nature 
of matter had long been made for the purpose of calculation, 
assumed the existence of a relatively large positive nucleus 
with the negative electrons (or corpuscules) distributed in it. 
A small positive nucleus with the electrons rotating round it, 
in fact a small planetary system, is now a common hypoth¬ 
esis. It is at present uncertain whether the inverse square 
law or some higher power such as the inverse fifth power 
conditions the rotation of the electrons. Information is also 
lacking whether the electrons rotate in big or small circles, 
i.e. whether the plane of their rotation passes through the 
centre of gravity of the atom or not, and it is also a matter 
of speculation whether the electrons are point charges, or 
consist of rings such as are found in the satellites of Saturn. 

It can easily be shown (see F. A. Lindemann, ‘‘ Verh. d, 
Pfiys. Ges.,'’ 13 , 482,1911) that the amplitude of the vibrat¬ 
ing particle in the oscillator emitting light radiation is of the 
order 10 ”® to 10 ”^® cms., or from 10 to 100 times smaller 
than the actual diameter of an atom; we are therefore forced 
to the conclusion that the oscillators, both for the band and 
line spectra emissions, are to be found in the atom itself. 
Much evidence has been adduced to show that the source of 
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infra-red radiation is the atona, of the visible light the charged 
atom, and of the ultra-violet light the electron, the band 
spectra owing their origin to the oscillations caused by the 
swing of a valency electron about the positive nucleus. 

If we imagine a valency electron circulating in its orbit 
•with a definite and constant momentum, a definite amount 
of energy E must be supplied to remove the electron from 
the system. If the electron be nearly but not quite removed 
from the sphere of action of the atom it will oscillate about 
its mean position of rotation and emit light. The energy of 
oscillation must, according to Planck’s hypothesis be a mul¬ 
tiple of quanta, or :— 

nhv where n is a whole number, k Planck’s constant, and v 
the light frequency. 

hence E must be > nhv to cause deformation and light 
emission; the smallest value of n is unity, so to cause light 
emission by deformation of the orbit of a valency electron— 

E = hv, 

E 

or V must be less than It necessarily follows that as E, 
n 

the energy of deformation, is decreased, the wave length of 
the light will increase or be shifted towards the infra-red 
portion of the spectrum. The band spectrum of an element 
thus, according to this view, optically expresses the configur¬ 
ation of the valency electrons in the molecular system. 

The relationship between position of the band spectrum 
and complexity of the molecule in which the valency electron 
is oscillating, can be clearly shown in the case of oxygen. 

Monatomic oxygen, viz. 0, has a band spectrum in the 
region X = 245 to \ ^ 333 [ifM (W. Steubing, Ann. der 
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Physik,” 33 , 363, 1913). In diatomic or molecular oxygen, 
viz. Og, the band spectrum is shifted towards the ultra-violet, 
viz. X = 120 to X = 190 fjLfji, since the energy E, required 
to remove a valency electron from two positive nuclei, is 
much greater than is required to remove one of the two 
valency electrons from the single positive nucleus of the 
atomic oxygen. In ozone, on the other hand, not only is it 
evident from its endothermic character, but also from a visual 
representation of three positive nuclei coupled by valency 
electrons, that the energy required to remove a valency 
electron from the ozone molecule will be less than from the 
molecular form, i.e. the band spectrum will be between the 
two former. In fact, a strong absorption is noted at X = 
258 [Jill (W. N. Hartley, ‘'Chem. News,'’ 42 , 268,1888). 

The oscillator of the series spectrum, on the other hand 
(J. Stark, Die Elektrizitat in Gasen,” Leipzig, p. 447,1902), 
is to be found in the positive ion resulting from the complete 
removal of a valency electron from an atom or a molecule. 
The notable experiments of Sir J. J. Thomson (“Phil. Mag.,” 
13 , 561, 1907, 21 , 275, 1911, et'seq) on cathode ray analysis 
have indicated that such ions which have lost or gained a 
valency electron possesses actual entities, and can be distin¬ 
guished one from another by their difference in electrical 
charge; thus in the case of oxygen there have been isolated 
the charged gas ions :— 

++ + - — 

0 , 0 , 0 , 0 , 

as well as oxygen molecules of various charges. 

F. Horton (“Phil. Mag.,” 22 , 214, 1914) has identified as 
carriers of positive electricity, giving positive band spectra in 
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oxygen, the following polymers of electric atomic weights 
8 , 16, 82, 48, 96. 

N. Bohr ("Thil. Mag.,” 26 , 476,1913) attributes to the 
oxygen atom a nucleus carrying eight unit position charges 
with eight electrons, of which, only two appear removable by 
methods at present available. 

The MechdmsTn of Ozone JPorwiation. 

We have already noted that the OKygen molecule when 
subjected to ultra-violet light radiation of the correct fre¬ 
quency for resonance may absorb quanta of energy. Similar 
conditions obtain for the iodine molecule in the infra-red 
spectral range and we may regard the primary cleavage to 
occur in a similar manner, viz.:— 

O 2 0 0. 

Warburg C'Preuss. Akad. Wiss.,” Berlin, 872, 1914) has 
adopted this hypothesis to explain the mechanism of ozone 
formation. He assumes that the atomic oxygen resulting 
from the cleavage of the molecule secondarily reacts either 
with atomic oxygen to reform molecular oxygen as indicated 
by the reversibility of the above equation, a point clearly 
emphasised by Nernst from thermal considerations (see p. 29), 
or it may react with molecular oxygen to form oxone— 

O2 + 0 = 03. 

Warburg’s experiments, conducted under pressures of from 
30 to 400 kgru. per sq. cm., yielded a photo-chemical eja&ciency 
of 55 per cent, at 1^0 kgm. cm.^ and 29 per cent, at 300 kgm. 
cmJy indicating the plausibility of the above hypothesis. 
"Weigert (“ Zeit. Wiss. Photochem,,” ii, 381,1912) obtained 
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a photo-chemical efficiency of 46*0 per cent, and a thermo¬ 
dynamic efficiency of 27*7 per cent. 

The reaction is primarily a molecular one and the energy 
of formation of a gram. mol. of Og (34,000 cal.) should have 
its corresponding photo-chemical equivalent equal, as cal¬ 
culated by Warburg, to 'Shv vrhere N is the number of 
molecules per gram. mol. From the relationship 


T<ihv = 
(cal.) 


2*73 


X in cm. 

with a value of 34,000 calories for the heat of formation of 
ozone we obtain X == 800 as the critical ozonising wave 
length, or we must assume that one quantum of X == 200 
will form four ozone molecules. 

Ozone formation may therefore occur without gas ionisa¬ 
tion, a fact which was first demonstrated by Lenard and con¬ 
firmed by Ludlam (‘‘Phil. Mag.,’' 

23 , 757, 1912). 

We can easily deduce from our 
previous considerations on the 
mechanism of photo-chemical 
processes in the light of the 
quantum theory that ionisation 
of oxygen will be brought about 
by light of shorter wave length 
than that required to produce 
atomic oxygen and hence ozone. 

If A, B, represent the two 
positive nuclei of oxygen atoms 
in a neutral molecule and c, c\ 
one valency dectron of each atom which has come within the 
attraction (partially saturated) of the positive charge of the 



Fig. 4. 
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neighbouring atom; the simplest line of cleava/go is along 
resulting in the formation of an oxygen molecule with, ooe 
bond as link 0 — 0 , which can then react to form ozone— 

30—0 —> 2 O 3 . 

This requires the smallest amount of energy, and hence is 
effected by light of the longest wave length (> A == 200 
The simplest cleavage into neutral atoms takes place alomg 
the line i, i', requiring more energy than is necessary 
effect partial unsaturation, and hence shorter "wave length, 
light X = 200 jifi. Cleavage along the line d, d' necessitates 
the removal of one electron from an oxygen atom and conse¬ 
quent increase of energy or light of a still shorter wave lengtln, 
ca X= 180/A/x. The energy required to move a valenoy 
election which is partially attached to two atoms on to ome 
atom is of the order 1 x ergs, to completely remove 

the electron requires a considerably greater expendituire 
of energy, A quantum of light energy in the visible or 
ultra-violet portion of the spectrum is of the order of 
>3 X 10 “^^ ergs; thus with very short wave length, ligtit 
electron removal can easily be effected. 

Under these conditions we obtain monatoxiLie oxygon 
ions— 

O 2 ^ 0 -f 0 . 

Ozone formation may result from this ionisation according to 
the following reaction :— 

2O2 -h 6 + O = 2O3. 

liight of still shorter wave length will actually remove eleo- 
trons from the monatomic oxygen ion (Ca. X = ISO 

+ +-f- 

0 0 -f ©, 

which electron may attach itself to the charged - ve residut^ 
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provided that it be projected from the original ion with suf¬ 
ficient kinetic energy— 

o + o a 

Or again, it may attach itself more easily than as above to a 
neutral molecule— 

O2 + © O2* 

In this way we can imagine the formation of the various 
charged ions actually observed during irradiation of oxygen 
by ultra-violet light of short wave lengths within the range 
X = 130 to 200 /jbjjb. 

Construction of Apparatus. 

(a) Source of Ultra-violet Light .—We have already in¬ 
dicated that for the production of ozone a source of ultra¬ 
violet light rich in lines of the Schumann region (below 
X, = 200) and if possible free from light of longer wave length, 
especially in the region X = 230 to 290 fijM, which exerts a 
strong catalytic activity in deozonisation. 

A glance at the curves representing the distribution of 
energy over the spectrum radiated from a black body at 
various temperatures will suflSice to indicate that ‘‘black 
body ’’ radiation is unsuitable as an efficient source of Schu¬ 
mann light. In agreement with the theoretical calculations 
of Wien and Planck the experimental observations of Lummer 
and Pringsheim (“ Ver. d. Deut. Phys. G-eselL,'' i, 23, 1899 ; 
2 , 163, 1900) have indicated that, with elevation of the 
temperature of the radiator, the maximum energy emission 
E,n shifts from the longer to the shorter wave length portion 
of the spectrum. Even, however, at sun temperature, 
ca. 5500° C., which temperature can only be approached with 
difficulty by the utilisation of carbon arcs under high gas 
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pressures, a black body radiator will have its B position at 
about \ = 500 fifjb, or in the green of the visible spectrum. 
The fraction of the total energy emitted which will lie in the 
Schumann region of the spectrum Xl to 200 fifjj will be re¬ 
markably small. 

We must, therefore, reject black body radiators and fall 
back on methods of obtaining selective emission and as such 
light sources we may utilise the arc, spark, or vacuum tube 
illumination of various elements. 

Arc and Spark Light Sources. 

Most metals exhibit strong Schumann and ultra-violet 
light radiation when the arc or spark electric discharge is 
made to pass between metallic electrodes. 

We may argue from the electronic structure of the atom 
that since the removal of a second electron from an atom 
which has already lost one, necessitates the supply of a still 
greater quantity of energy for its removal than the first, and 
as this energy is supplied in quanta, the value of hv must rise 
with each subsequent removal. Atoms which can loose many 
electrons without loss of atomic identity will therefore radiate 
light corresponding to high values of hvy i.e. of extremely 
short wave length. 

The elements which have been most widely used as 
sources of ultra-violet light are those of aluminium, iron and 
especially mercury, which can loose as many as eight electrons. 

The aluminium ultra-violet spectrum has been investigated, 
more particularly by Lenard Sitz. Heidelberg, Akad. Wiss. 
Abh.,” 31,1910) and Morris Airy Man. Lit. Phil. Soc.,’’ 
XLIX, 1, 1905), and iron by Lyman (“ Astrophys. Jour./' 
38, 282,1913). 
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Much 'work kas keen accomplished on the mercury arc, 
which is especially rich, both in green, violet, and ultra-violet 
radiation, most conspicuous where mercury vapour lamps are 
used as light sources. 

The investigations of Tian (“ C.R,” 155 , 141, 1912) and 
Lyman (“ A^strophys. Jour,,” 38 , 282, 1913) have shown that 
‘‘ the spectrum is dominated by the broad unsymmetrical 
line X,— 184*96 The spark spectrum of mercury is 

rich in lines, whilst the arc spectrum contains only a few. 
Other lines in the same series predicted hy Paschen have 
likewise been observed at X 140*2 and X = 126*9 
When viewed through a short column of air the line X = 
184*96 /xyu is replaced by three groups of faint lines observed 
by Steubing Ann. der Physik,” 33 , 573, 1910). Ionisation 
of the mercury atom by collision commences at X = 253*6 imjjl, 
equivalent to a fall of potential of the colliding electron of 
4*8 volts—A.Lande (^"Phys. Zeit.,” 15, 793, 1914), J. Pranck 
and Gr. Hertz (“Dent. Phys. Ges.,” 16 , 407, 1914). 

Vaciciom T%he Discharge. 

Of the elements investigated by means of the vacuum 
tube discharge, the remarkable activity of mercury vapour in 
the emission of light of short wave length has already been 
discussed, two other substances also exhibit a marked selec¬ 
tive emission in the ultra-violet region, namely hydrogen 
and carbon, the latter usually introduced into the vacuum 
tube in the form of one of its oxides, carbon monoxide or 
dioxide. Lyman ("' The Spectroscopy of the Extreme Vio¬ 
let,” Longmans, 1914) states that hydrogen surpasses all 
other gases in the wealth and strength of lines in the Schu¬ 
mann region. They extend at pressures of 1 to 5 mm. from 
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X = 90 Ai/i to \ = 167-5 fifjL, and this light forms one of the 
most important of all three distinct spectra which the 
element possesses. St. John (“Astrophys. Jour.,” XXV, 
p. 45. 1907) found hydrogen to emit 250 times as much 
energy of short waTe length as a mercury vapour lamp. 
There appears to be a distinct gap in light emission within 
the spectral region X = 167-5 fijM to X =• 243-3 /t/a. 

Delandres (“ C.R,” io6, 842,1888) noted a great nurul>er 
of bands in the ultra-violet spectrum with the ratified oxides 
of carbon in the vacuum tube within the range X =* 130 /t/i 
and X = 210 fifi. 

When consideration is taken of the difficulties in the 
operation of an arc lamp with iron or aluminium electrodes, 
such as the automatic adjustment of the arc gap, the rtunoval 
of the oxides produced during combustion, if the arc be opcm, 
or the volatilisation of the metals on to the walls, if the arc 
be of the enclosed type, as well as the great thermal effects 
produced by an arc lamp in continuous operation, which, as 
we have seen, militates against a high yield of ozone, it will 
he clear that the mercury vapour lamp operating at low volt¬ 
ages and relatively high internal mercury vapour preKsurtjs, 
or working at high voltages with only a few rnilliructres 
pressure of vapour, is the most suitable source of ultra-viokst 
light which, up to the present time, has received systinuatic 
investigation. 

The utilisation of hydrogen vacuum discharge tubes, 
however, may possibly receive more attention in the future, 
since discoloration of the tube walls, so frequently noticed in 
mercury lamps, would be greatly minimised (see also Liymaa, 
“ Astrophys. Jour.,” 37 , 87,1908). 















PEODUCTION BY ULTBA-VIOLET RADIATION 83 

(b) Material for Lamp Construction .. 

The walls of the mercury vapour lamp must be trans¬ 
parent to radiation of this extremely short wave length, in 
order that ozonisation of the surrounding oxygen may be ef¬ 
fected. Ordinary glasses are singularly opaque, thus boro- 
silicate crown-glass, which is the most transparent of the 
ordinary glasses, passes only 8 per cent, of light of wave 
length X = 309 fi/jb (Kriiss, '' ZeiL f. Instrumentkunde,'* 23 , 
197, 1903), and is opaque to light below X = 297 Schott 
of Jena’s uviol glass was specially prepared by Zschimmer 
C‘Zeit. f. Instrumentkunde,” 23 , 360, 1903) for ultra-violet 
transparency. With a thickness of 1 mm. fifty per cent, 
transmission of light at X = 280 fifju is effected, whilst a uviol 
microscope cover-slip is still transparent to X = 248 
Zschimmer further indicated 0 ‘Phys. Zeit.,” 8 , 611,1907) 
that pure boric anhydride and silica are very transparent 
even below X = 200 jjbfi (and even below X = 185 pfi), 
but that the addition of certain salts lessens their transpa¬ 
rency. Boric anhydride is 'slightly inferior to silica, its lower 
limit of transparency, according to Lyman, being X = 170 
fip. Fritsch ("‘Phys. Zeit.,” 8 , 618,1907) gives the follow¬ 
ing composition of a glass extremely transparent down to 
X ~ 185 • 

CaFg 6 parts. 

B,03 14 „ 

M. Luckiesh C'J. Franklin Inst.,’* 186 , 111, 1918) claims 
that a special cobalt-blue glass is ndore transparent than 
ordinary glass to ultra-violet. With the exception of Fritsch’s 
borate glass, which does not appear to have received any 
technical application as yet, extremely pure fused silica is the 
most suitable material for lamp construction. 
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Hughes (“Photo Electricity,” 1913, p. 137) has shown 
that fused quartz is still transparent down to X = 145‘0 ; 

a thickness of 0’3 mm. will transmit 24 per cent, of X =■= 184-t) 
fifi, 36 per cent, of X = 197 /t/^, and 40 per cent, of X = 

200'2 fijM. 

Mention may be made of the naturally occurring Kub- 
stances, which are even more transparent to ultra-violet 
light than fused silica, viz. quartz, fluorite, and rock salt. 
Quartz in very thin laminse is transparent down to X =»» 14i5 
/4/i, rock salt to X = 175 /jl/j., and fluorite to X =■ 123 /x/a. 

In the Quain apparatus, which is the only form of (juartz 
mercury vapour lamp ozoniser in technical use, the lamp 
which is of the vacuum type and operated by a coil or inag- 
neto, at a terminal potential difference of circa 7000 volts, 
is inserted in a hollow aluminium tube through which the 
air or oxygen, undergoing ozonisation by irradiation from 
the lamp, is passed at a relatively low velocity. No litera¬ 
ture has been published dealing with the problem of the in¬ 
fluence of gas velocity on ozone concentration and ozone 
production'per minute, but the following considcirations will 
indicate that the optimum conditions will very likely l)e 
formed when only a thin film of air passes over the lamp at 
high velocity. Dry and dust-free air is relatively trauKpar»*nt 
to light above X = 186 fifj,, but nearly opaque to light below 
X = 178 fifi. Lyman (“Astrophys. Jour.,” 27 , 87, 
states that 1 mm. of air will cut off most of the light Inflow 
X = 185 jifi, which, as we have seen, is the activ«! light for tho 
production of ozone. Kreusler (“Ann. der Physik," d, 418, 
1901) gives the following figures for the absorption produced 
by 20'45 eras, of oxygen:— 
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Light of Per Cent. 

Wave Length. Absorption. 

186 32-5 

193 6*2 

200 negligible 

whilst Schumann observed an air film only 4 mm. thick 
(equal to *8 mm, of oxygen approximately) was sufficient to 
render all lines below X = 178 fifi extremely faint. With 0*5 
mm. of air, light down to X = 168 yu./i would be transmitted, 
and below 0*05 mm. in air thickness, the spectrum stretched 
considerably below X = 160 fjufi. It will thus be observed 
that the ozonising action of ultra-violet light, in so far as it 
is caused mainly by light of wave length smaller than X = 
200 fifjL is confined to but a millimetre thickness or so of air. 

Lamp Efficiency. 

Pigures are not available as to the optimum conditions 
for the production of ultra-violet light from mercury vapour 
lamps. As is to be expected the ultra-violet light fraction 
increases with increasing voltage (see A. Tian., '' C.E.,'’ 155 , 
141,1912). 

J. N. Pring (''Proc. Eoy. Soc.,’' 96 , 204, 1914) showed 
that no oxides of nitrogen or hydrogen peroxide were formed 
during operation and that the average ozone content of the 
air in the neighbourhood of the lamp was 0*01 per cent, at 
760 mm. and 0*0014 per cent, at 30 mm. air pressure. W. 
Chlopin C JZeit. Anorg. Chem.,” 71, 2198,1911), on the other 
hand, detected the presence of both hydrogen peroxide, ozone 
and nitrous anhydride by exposure for a few minutes of 
ordinary moist air to the rays of a Westinghouse quartz 
mercury vapour lamp. 
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The ultra-violet efficiency of the various types of mercury 
vapour lamps on the market was examined by C. Fabry and 
Buisson in 1911 (“ C.E.,” 153 , 93,1911), who obtained the 
following results:— 

iW&mkififfi (*/ Pmm^r 

Lamp, pliecL Uadinkd m Warn 

LengUrn Mnw ♦ 1211 . 

Wostinghousa ....... B 

A.H1.G.4 *? 

n . ■.. 

WestinghDUi© (ii) O'LI 

Pboduction «y Ionic Golwsion. 

In the previous discussion we have noted that molecular 
cleavage of oxygen into neutral atoms with or without h»Ij- 
sequent ionisation may bo brought about by absorption of 
light energy, provided that this latter is of the correct fre¬ 
quency for absorption. 

The production of ozone depends primarily on the simplest 
cleavage, viz:— 

Oa-^O + 0 , 

with subsequent synthesis of ozone, whilst secondary ozone 
formation probably results from the combination of charged 
ions, e.g.:— 

Oj 4 - f> - 0 , 

(see W. W. Strong, “ J. Amen Chem. Hoc.,” 50 , 104,1913) 

The cleavi^e and ionisation of the oxygen molecule may 
also be brought about by other means than by the absorplifjn 
of light quanta, such as by direct impact by a particles or 
electrons. 

Madame Curie noticed that radium salts were effcctivo in 
ozonising oxygen (“ C.H," ISB), a point at first disputed by 
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Bamstty and Hoddy, hut finally confirmed by Giesel and 
Nasini and Levi (“ Atti. B. Accad. Lincei,” 17 , 46,1908). S. C. 
Lind {“ J. Amor. Ghem. Hoc.,” 47 , 397,1912) and 0. Schoner 
(“G.B.,” 159 , 423,1914) Hhowod that the a particles projected 
from radium ozoniswl oxygen; Lind showed, inter alia, that 
the number of ozone molecules formed wore equal to the 
iiurabor of ions made by the a particlos^— 

f).j -> 0 + 0 

‘ 20 , + 20 - 20 ,. 

In many of his experiments a slight deficiency in ozone 
formation was observed from that calculated, but under no 
circumstances was more ozone than the theoretical obtained. 
(Heo also W. Dnano, “G.B.,” 153 , 336, 1911.) It may be 
noted in piwsing that similiar results were obtained for 
hydrogen by W. Duane and Wendt (“ Phys. Bev.,” 10 , 110 , 
1917), the presence of 11, being clearly demonstrated. F. 
Kriiger (" Phys. Zoit.,” 13 , 1040,1912) obtained ozone by the 
ionising action of Lenard rays obtained by the projection of 
cathode rays through an aluminium window and showed, as 
indicated in the following tables, that more ozone was formed 
per second than ions in oxygen, the number of molecules of 
ozoiu) formed approximately more closely to the ionisation 
of nitrogen under similar conditions :— 


liifM tmf in 

N<h MoU. Prodneedpir Sec, 

Cla M in”. 

' H 

X low. 

0‘tfl 

60 

70 


ru 

I'l 

mt 

m 

1*4 

mi 

m 

0*8B 


In the oiw« of radium, practically all the ozone produced is 
formed through the agency of the a particles, the ^ and 7 
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radiation producing but minor and Hticondary tjfTccta. The 
energy associated with each group of rays is clearly dfttuon- 
strated from the following figures (“ I’fiil. Mag.," 22 , 

1907) 

Heating effect of 1 gui. radium -> 110 gms, cal. pcjr hr. 
a rays lOO'ii 
fi - *2-() 

y „ 4 •a 

With Rontgen or X-rays, on the other harni, ioniHation is not 
so marked, since only about 1 atom in 12 '- is ionised by the 
penetration of the rays into a Kubstance, 

For ioniHatif)n to be elfeoted by collision, the moliKnile or 
ktom must be struck by the a particle or ohictron witli suni- 
cieut energy to discharge a valency from its norma! orbit in 
the atomic sphere, ft will thus leave the at«>i« with a certain 
critical velocity which it would also acfjuire if it had been 
acted on by a dofmihj potential differentK!. We may thure- 
foro eqaato the loss in kinetic energy stistaintsd by tins im¬ 
pinging a particle or eloctnm as a result of collision with the 
molecule and the energy of discharge of the electron. 

If m bo the mass of the impinging ehastron, r, its incident 
and «i final velocity, its loss in kinetic energy will he: 
l/ 2 m(?i 0 * - 01 ®) whilst the discharged electron of charge c will 
possess an energy Ye. 

Hence - i>,*) *» Ye, 

A discharged electron or a particle will thus larmtinue its 
passage through the gas, causing ionisation by collision on it* 
way until its velocity sinks to the value 0 * whore 
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the minintuiu velocity necesnary to cause ionisation by colli¬ 
sion. Below this velocity the electron will merely adhere to 
a neutral molecule to form a negatively charged ion, the a 
particle will loose its charge to a neutral molecule to form an 
atom of helium and a negatively charged gas ion, provided that 
they havcj not come in contact with the walls of the con¬ 
taining vessel before their journey is completed. 

In the case of ionisation by electrons the value of 

® - 1-77 X 10^ 
m 

V - 2-82 X 10 “ 
or ?Joc JV. 

In the following table are given the electron velocities in 
cms. put second and the potential difference in volts required 
to bring them to rest- 


V. 

V. 

1 

6-9 X 10 ’ 

10 

1-88 X 10 " 

m 

0-596 X 10 » 

iwo 

1-88 X 10* 

10,000 

8-96 X 10 " 

100,000 

18-8 X 10 * 


27 X 10 * 


For the minimum velocity required for an electron to 
cause ionisation of an oxygen molecule by collision Ifranck 
and Hertx (“Verh, d. Deut. Phys. Ges.,” XV, 84, 1918) 
found the value 1'80 x 10* cms. per second corresponding to 
a fadl of 9‘0 volts. 

This value is in extremely good agreement with that cal¬ 
culated from the critical wave length requisite for ionisation 
by absorption of ultra-violet light quanta. It is evident that 
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the requisite energy C({ual to Ve can lx; supplicel hy the kinetic 
energy lost hy an impinging islectron, i.e. or hy tlie 

absorption of a light quantum /le thus— 

Vc =» } /2m. 

Taking X » lOrj ftfi wo obtain the vahie 9'2{) volts for the 
value of V dotenninod in this rnannor. A value of Hf> volts 
being obtainod by (Joinpton (“ I’liys. Rev.," 8, -tl'i, 191R), by 
calculation of the work necessary to remove a valency electron 
from an atom possessing Bohr’s hypcdhetical structure 

Quantitative agreement hetwoen the yiidd of ozone ciiicu- 
lated and that actually obtained has, as has already be*«n 
mentioned, been shown to hohi for the case of ozonisation hy 
a particle discharge by Lind, ('ascs of ionisation and ozfin- 
isation by electron emission have given more variable 
results. This is in part due to the great vehicity and rela¬ 
tively small size; of the electrons which can pass through a 
vessel containing gas and come to ritst on the walls without 
having made a great number »if collisions, thus the major 
part of its kinetic energy is slil! retained when it omergea 











CHAPTKE Vn. 

niODUCTION BY MEANS OP THE SILENT BLBOTHIO DISOHAEGB. 

'I’nii formation of owno by tho action of the silent discharge 
on air is the only prcniess of ozone production which has 
r<!ceived considerable technical development and a groat 
number of ozonisors of various types and designs have been 
incorpf)rated in installations for the economic manufacture 
of ozoru! and ozonised air. 

It may la* stated at tho outset that wo do not possess 
suflicient information about the mechanism of the silent 
discharge to put forward a satisfactory explanation as to the 
mulm itpi randi of a “ Biemens tube,” nor can it bo said that 

a scientific 


















momi 


Ann./’ 7 , 477, 1902)and .Brioii (** FJi*ktroi;liiiii./’ 14 , 245 
1906) for direct ciirr«*ntH, and by C*riiiiij> iiiid lloyli! (*‘ Klectro 
chem. Ind./’ 7 , 74, 1909) for altf^rniitiiig ciirronlH. 

The following irHlitmtc the of cdiiingeH in thc! ohiir 

acter of the discharge obtaiiied by ’ro«?{dfT : 

"" pomi I0 
^ {/§ pgmt 




f^rnmn 




Brmff 


Hiek Ft Hi/## 

V <<«. 


Jtnmm 
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If a very small potential clifforcnco be appliccl between a 
nef»ativ€! point and positive plate, a small amount will flow, 
the current being carried (uitiroly by the negative ions 
present in the gas; the i, V curve will then follow Ohm's 
law until the rate of removal of gas ions by tin* electric cur¬ 
rent becomes equal to the rate of supply, when the so-called 
saturation current is arrived at, which is independent of the 
applied potential difTertuice. 

As the IM). is gradually raised, lUigativo electrons are 
discharged from the point and participate in carrying off the 
current. The area around the point now becomes luminous, 
which liuninoHtty extends towards the plate with increasing 
P.I),, tlie tlischarge l>eeoming a typical brush accompanied 
hy a slight crackling noise. At this point positive gas ions, 
produced at the anode by detachment of an electron from a 
gas molecule through collision with an electron travelling at 
high speed, will also augment the current capacity of the 
system. 

The resistance of the air circuit now falls quite rapidly 
owing to increasti in conductivity hy collision between 
electrons and the gas molecules and the brush discharge is 
converted into a high tension arc discharge. During the 
high tension arc discharge, the cathode gets extremely 
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non-Iuininous, the glow, and the brush disrharg*;, enme under 
consideration, since, as we have already had occasion to 
observe, the high thermal (effects assofiatet! with bitili the 
high and low tension arc discharges are more than HiitfH'ic'nt 
to mask any electronic formation of ozone. 

We have noted that the transformation of the Mili nt <ii«- 
charge into the high tension arc diHcharg'- ot cnr« alt«>r the 
whole intfir-electrod«i sjiacJi has heeti lUled with the diw harge 
glow, which makes its first apfwarnnee in the Ho-ralled 
corona light. The nature of this lumincHccrice i« n«t clearly 
understood; that it is a function of theemnpo iiion of th«« gsis 
is shown by the experiments of K. Hiesenfeid i" h. ktro- 
chem.," 17, Tl‘i, Hill), who noted that the discharge lu pitik 
in nitrogen, blue in hydrogen, white in chloritie, “ hke the 
combustion of iron wire in oxygen,” and grei-nwh hliuj in 
oxygen. 

Sir J. J, Thotnson (“ ('onduction of Electricity through 
Gases,'* IfiOfi, pp. 47B-512) has shown that at the moment 
when both anode and cathtale glow make their appearance 
there is a very great inensase in conductivity of the gw 
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radiation and the number of gas ions formed by such 
collision. 

Sir J. J. Thomson and R. Threlfall (“Proc. Roy. Soc.,” 
40 , 340, 1K8(>) clearly showed that ozone formation in the 
silent discharge tube was associated with the production of a 
luminous glow, whilst a similar conclusion was arrived at by 
R. Warburg (" Ann. dor Physik," 17 , 1 , 1905), who advanced 
the hypothesis that ozone is only produced by electrons with 
sufficient kinetic energy to cause thornselvos to become 
luminous. 

The view that the corona and brush discharges are at 
least in part due to ionisation by collision is supported by a 
series of experiments which have been made on the corona 
“pressure” phenomenon by H. P. Earn weld, J. Kunz, and 
especially Townsend and K. Warner (“ I’hya Rev.,” 8 , 286, 
1919). It is evident that if the molecules break up into ions 
as a result of ionic collision an increase of pressure should 
result. In an enclosed gas space subjecteui to the brush dis¬ 
charge, this pressure increase has actually boon noted, and 
when correettd for the unavoidable temperature increase the 
following relationship was found to hold good :— 

V* v,8p, 

whore* V is the applied voltage, i the corona current, the 
volume of the gas subjected to the silent discharge. 

In oxygen, however, there is scarcely any increase in 
pre.sK?ire, due to the formation of ozone; in other words, the 
omm formation is strictlv oronortional to the ionisation. 
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the oxoniser is so oiMjrateil that the liiniinfjfiity of the: silent 
discharge glow is at a inaxinintn. 

Many conflicting statf^iucnts have Ijcen pnhlishi d relative 
to the yield of ozone per kilowatt hour ohtaifiahle in ozonisers; 
on analysis these are found to he due to the fart that many 
investigators have? ignored the pninarv I’onsideralion aflfeeting 
the production of ozone hy this meaiiH, viz, the relatumship 
between ozone production jwr kilowatt hour and the concen¬ 
tration of the ozone. It i« evident that jf a definite, vohniiit 
of air be subjected to the silent electric discharge, the ozone 
concentration in that air will ris«? to a ci-rtain d« firnle value. 
C., the “ limiting " coneenlratnm. Wlien this eonct-ntration 

is reached, the rate of forination of ozone will !«• eipial to 

its rate of dcstnietinn by thernml, ralalytic and other eflfects. 
Thus, in the enclosed volume of air, the apparent oz/tnn pro¬ 
duction pr kilowatt hour will la- zero whilst the actual pro- 

duotion will b« As a first approsuiiation it may b® 

taken that the rate of catalytic dc«izoni«*ation is prop<irtional 

f/fl 

to the eoncenlratioii of ozoni* '• i energy 

required to produce strong concentrations <r»f nmm in a 
stream of gas will he a great dmi more than ia necim««ry to 
produce the Sanaa amount of ozone in a very dilute state. 

As clearly pointed out hy Allmand (" The rnncipJes of 
Applied Kli«tro-Chemi«tiy the duty of an ozonia» r cannot 
be obtained without a knowiedge of the following data ; 

(1) The limiliog yk»W, or the yield {«r aniys r*: Imur at 
mro concontratioo. 

(2) The maximum concentration of ozone ohtaimlde. 
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(3) The rate of variation of the yield with the concentra¬ 
tion. 

Inblbbnce op Ctjbbbnt on Yield op Ozone. 
Owing to the difficulties inherent in the construction of 
high-tension (4000, 10,000 volts) generators the current for 
ozone installations is usually derived from static transformers. 

The static transformer may operate either on alternating 
current or on direct current vdth a suitable interrupter in the 
primary circuit. 

(1) Static Transformer with Alternating Current Generator, 
If a conductor such as a piece of wire describe simple 
harmonic motion in front of the pole of a magnet as is ob¬ 
tained in the rotation of an armature between the poles of a 
magnet, a current varying in intensity from moment to 
moment will be induced in the conductor. 

Both E.M.B. and current time curves will follow those of 
the sine or cosine curve. 



The B.M.P. at any time t being given by the relationship 

Qiirt 


E = E, cos 


T 


9i7rt 


the current in a similar manner by i = x sin 

7 















OB 
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Tf the circuit were entirely nnn-injlijetivr, the vfilt-anipere 
curves would naturally he superinijwtKrd. sinr«- at juiy time 
the current flowing, would, in aec-ordant*i* wiih oliut’*; law, 
bo strictly proportional to the applied F„M,f\ In tirtual 
practice self-induction is always prcf-i-nt, being di fm»-rl m t he 
value of the integral— 

J j'j'cos I til llf 

whore tlf in the curreiit circuit, 

The prodttet hi may he tiTincd the electru-al momentum 
acquired by the current in th»^ circuit, and ( thin'H law has to he 
modifuid to include the rate td change of i b eiriral nminentum 
as well as the instantannonH cnrreiit 


or 




tU li, 

at ^ L * 


‘dv( 

. co« ,j. 


K ‘iw# 

.J,. 


ill. 


Tha ioliitiom oi ihm m givrii 


E mn 






V'** + (t)’< 




where 


a « tan ’ 


‘iwl# 

HT 


There is thorefow a lag bntweisn the current and K.M J'*. 
curves, and the tnaximum value of the ciirrrnl never earjiudi 
K 

riTr\h 




where the expression under the square root 


+ (f) L> 
the “ iupadanec ” takm the place of li 
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Boveral gtineraiinations which have an important bearing 
on oxoniser designs follow from these considerations. 

Firstly, large currents cannot be obtainal in systems of 
high inductances, and with increasing values of the periodicity 

the inductance term becomes the only one of significance 
in the resistance of circuit. 


For high frequencies will bo largo, consequently 

augmenting tan a, making a the angle of lag approximately 
equal to 


i 


K„ sin 


‘ivt 

'V 



^*rrf 

or when cos ’ 0, sin =« I, the K.M.F. will therefore 


bo at a maximum when the current is zero and inae verm. 
The Wattage consumption E„*„ will be (5qual to 


,, , /2trf, N 

hj eos ,p cos ^ ,p - aj 


o when a is 


or 


cm & 

Vk'.'kI)’ 


for small values of a 




4E.*K 
IV + 


For K « o or a there is therefore no energy consumption, 
whilst for some intermediate value there is a maximum energy 
consumption. 
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For , t‘) hi! a mininniiii 

If + (f|T) i.= 

li* mtifit mjuhI (7jT) Ii’ "!■ H 

If a condenHcr of caparit^* (J hr placrrl in i in’uit with thf* 
secondary system we can in a similar manner nhtain the t>%- 
prossion for the r«!iationHhip hetwecri the varyiii},' jwttentiai 
difference and the charge on the plates. 

1*1 (I’tm “7/ « I 


By suitalilii adj»i«lm<nt of the cotnh nser. i.e making 

T 

C ” 27 rJi’ ^***' *^*'*'*‘*' thmogh the circuit for 

a given applied potential differefico llmi »f tlte circuit were 
closed by a wire. 

According to KalHikjian {" I’hys Ite%* ,'‘ 3 i« 117, BMO) thii 
limiting yield of ojsoni! incri»a«*?s with d»rcrciMiiig capacity, 
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cuit Ih non-variant, but as we have had occasion to observe 
the conductivity of the air gap in the discharge apparatus 
varies with the current. Tjarge currents cause the gap to 
become more conducting, permitting under a constant applied 
E.M.F. still higher currents to pass, ending finally in spark 
and arc discharges. The sinuous character of the curve will 
thus bo altered, the maxima a, a being increased for this 
reason to higher valntjs h, h. 

(2) Direct Current with Interrupter. 

Small coils with magnetic or larger induction apparatus, 
with mercury or Wehnelt typo of make and break on the 
primary, also yield a periodic current which, however, no 
longer possesses the sinuous character of the alternating 
current machine, but consists of a number o! periodic current 
makes and breaks as is depicted in the following curves :— 











m 


ny.itsi'. 


pliict: fit this pniiil (if iipliiiimi) ciirrcJit ll<)W, uhich jir?irtical!y 
coiiicidi'K with tlu; pfrioil of niasiiiitun (•(tijihjctiviiy of tho 
gas. Tho spark rlischargi' itsolf is oscjllsitory fii charactor 
having a poriod T •» ‘ 27 r.^/li(' and will pi».si<H« a rurvo of thn 
following form :— 



Fi<», 10, 


According to the invosjiigntion# of Kahakjmn C' I’hys. 
Bov,," 31, 117, IIIIO) iho hrn«h diwdiargi’ iln if niay tinder 
conditions of high rates tif di'«harg(* aMiimo ih«* «»HciUttlory 
character of tin? sjiark discharg*-. 

{«) /n/liiriire tin Vullftift-tm (hi>n> Yitlil. t*ha«i«y Kttido 
sur i’Ozonn, CJi.V.," 15J02» (daiinid that then* waa for a 
fixed air gap in a givifii oxaniMfr a. jiractiLally Imi-ar ndation- 
»hip betwasn the osiom* yn»hl pi r amjsjr** hotir ami the 
l^tential dilferciiee lafttvecii the ideistrodea. Balfif exjwiri* 
ments have shown thaK'hassy'aconrltisions wure not iiiitirely 
correct. K. Warbnrg (’’Ann dt-r I'hyaik." 13 . till. IWl) 
showed that provided that the |i«u-niial dificr«iitt<* tipphiiij 
wa» Bnfflcient to inatniain a uniforfri glow at ih* pmnl nt the 
air gap, the yield of oxwie was practirally ind»:|a ii 4 * fit of the 
voltege as is Nhown by the {oibwtni! flirnri* ; » 
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Current Voltage of Gms. Ozone. 

1 X 10-®. Point. per Coulomb. 

57 ... . <1,200 . . . -0375 

57-5 .... 9,880 . . . -0386 

57-2 .... 11,700 . . . -0387 

-A.. Gray (“Ann. der Physik,” 13 , 477, 1904), utilising a 
standard Sienaens ozoniser, likewise found that the yield per 
coxilonib was constant and independent of the voltage pro¬ 
vided that uniform illumination was maintained in the dis¬ 
charge space. 

Kabakjian (“ Phys. Eev.,” V, 31 . 17,1910) found that the 
Ozone output per coulomb rapidly rose with the voltage until 
a» potential difference of 2,700 volts with a 1 mm. air gap and 
3,200 volts with a 2 mm. air gap was reached after which no 
fnorther'increase was noted. At these voltages presumably 
saturation” of the field with the brush discharge was just 
effected. 

Influence of Current Density. 

With a constant regime established in the working of an 
ozoniser the quantity of ozone produced per coulomb is 
practically constant, for a point discharge on the other hand, 
the yield per coulomb varies with the current flowing, as is 
shown from the following figures obtained by Warburg:— 


Positive Pomt, 

Negative Point and 
Positwe Plate. 

Negative Point and 
Positwe Cylmder. 

Valtage, 

Current 

1 X 10-». 

Gramnies 

O^per 

Coulomb. 

Curreni 

1 X 10-". 

Qrcemmes 

Ogper 

Coulomb. 

Current 

1 X 10-*. 

Grammes 

Os 

Cotdomb. 

8,420 

28-8 

0*0172 

17*4 

0-0489 

_ 

0*0481 

10,400 

57-2 

0*0600 

26*1 

0-0469 

29*1 

0*0886 

12,000 

94-2 

0*0680 

67*2 

0-0875 

94*2 

0-0870 
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Thu variation in ih atlrihiiltil }iy W'arhnrn 

to the alhsration in thu Vfthmjf of th<* unroim ;»l>nv in i!u> dm- 
cluirj'o .Hpiu’.i* lunlur thu varyini,; In h Hji nsms tyja* 

of oxonisur opcratitif' iinilt r thi* ojituimm mjniitji.ijH. he t,i>- 
tainntl a valuu of 0“2(»f) gnin. p« r roiiioinit, a f)<oiri’ ronfinned 
by A. W. (tray (“ Ann. ilur I*hy«ik.“ 477, lum , 

ThcHt! fignnw show somo light mi Iho n«:* liarii;>ni r»f tjzontj 
formation. Hinuu, as ran h« Hli»»wn by t b firolyfsr dwmn- 
IKwition or by uiiiaanrfiiiont f»f tin? cb.arf*«* of thf i lrrtrmi, 
toguthrr with l!i«! inuiibi r of nodt tmlrs in n jjiani inttlrriihf, 
flfi.ft'lO foiiloinhs ar« aasorialt-tl with mn r jinvab-nt of a 
Buhstariur, it in rrssarily follow* that if (ht? tm.ttw wt-rr pro¬ 
duced by some form i»f »?!i't-tr<4ytir artion m th»' gsn 'ipacc, a 
limit is set to this ipmntily of olitaiiirtl iw r roulmnh, 

Wi? may, of rotir«»', lmtk«' varsmiH nwi»iiipt)oHN iis bi thn 
magnitudu of tin? rb'ctrmiic ir insfrt HitH*a:i»t» d w»lh tbi* for* 
inatbn of a rnoluculr of oz«n«t, hat it will b- rvab-ntthat tho 
maximum yitdd for thr mmiinum traitsfi-r will ht? obtainwl 
on the assimiption i*f Iht; fitllowiMg pos^dib? nrr of 
reactions: - 

Oj + *i(» -* o (i 
+ O -* O, 

i«. one moleeulis of omtm w«mI« 1 1* farrm-d hir • arh rb'clrmi 
Iramiferrifd. Forty-eight gtuv of should tbrn forii hr 

formed for a corront oonsumption of tMhfilO wnilmnlis. or 
0W)8 KJWi. per couloiiih. It isevvdwnl that the (piaiilihr# 
of OKone actually prodiii*^ je-r coiiloirih rscred Ur* .aimaud 
iOtte 5i0 wen though thrsi-roiiditiona r♦•pr»•«»l‘Ii(l■ thw;i* 
most fawartbte to otooo fmnatmn hy (d«-*ctfomi- 
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Wo aro forced to the concluBion, assuming the accuracy of 
Warburg and Gray’s experimental data, that most of the 
ozone is of secondary origin and is produced by collision 
between electrons both primary and secondary and gas 
molecules. 

Kruger and Moeller (“ Nernst Festschrift,” 240, 1912) 
have suggtisted that one electron may liberate, in tho case of 
the positive point discharge, seventeen secondary electrons, 
and fora silent discharge in metallic tubes ‘2K7 secondary elec¬ 
trons, w’hich would necessitate velocities produced by applied 
voltages of approximately 100 and 50,000 volts respectively. 

Injlumce of Wave Form. 

The hypothesis advanced from the previous considerations 
that ozone formation is produced by inter-molecular and 
electronic collision, and is not a phase of gaseous electrolysis 
between the electrodes, is supported by a consideration of tho 
effect of tho wave form on the ozone yield. A. Vosmaor 
("Ozone," Constable, 1916, p. 70) states, “a very peaked 
wave form would cause a greater distance between regular 
working hmsion and ordinary maximum tension and thus 
facilitate the brush discharge. On tho other hand a flattened 
curve would give more available energy in the domain of 
working and would give a better output of ozone . . . there 
is not so much difference in wave form to be of any import¬ 
ance.” It is clear that this investigator does not consider 
wave fonn of great importance and his views have been sup¬ 
ported by many other observers. Those, however, who have 
had occasion to make use of the osoillograph and thus have 
been able to plot the wave form with accuracy have noticed 











10 (» ti'/.oav. 

that tht! wav«! fnnn iltir.H havt* iin iiiip'irtiUit hi-ariii” i*rj fh«t 
yield of ozoiu'. AiuongHt the iiiifwjrUint invisssij^atiijHK 
publiHhed, may 1 m^ mt'iilionnd thnHo of O, ihohlii h i"K,l«:k- 
trotech. Xoitschrifl,” la. d jO, I'.IOIl K. \Viuhorj 4 ami Li it- 
hatmer (“ Ann. dor I'hynik,’' 4 .-^. 17. i'-H*'*;. and (J. Ijoi hjittr 
(“ Zeit. HloktrfK’.liciij.,’’ 17, 11 1. l‘-H 1 ; 31 , diMl, J'Jl.o), 

The followitij,' ia a brief Mnmmnry »f the more iinjwryint 
conehiHioiiii: - 

'i'hi! ozone yield per eoiilomb riHi*« ai firn! f;i|iidly with the 
periodicity of tlio iillerimliin,’ etirreiit .and ihereafler more 
alowly. Ujs toolH) pi rir»ilH h»v«' aelnaliy hi*en ejiiployeij in 
tftchnieal installatioi)«, It ia evident fr<»in a com»nlerati»n of 
the form of the Hine curve that an mrresiamn penmheity iii- 
ensascH the Kto!pni!«w of lh«' mirve, i e high jw-riodunty i rwnreM 

a large value for this rate of alieration <if ilie ioiiri lit flow 

A high periodicity likewiMs low«-rii llw miniinuiii iwtf'ntsai 
dilTijruncw to produei* a Milnit diwharge im omh a fixed inter- 
polar Npace (Iv Hii'w iifeld, *' N'errmt KimtMdirifl,*' di I. 1912,1. 

More ozone li prmluwd }♦« r rniiiomb %vitb a fe rimheally 
hroken dirwjl current than with an aih-rnating curri nt of the 
aatiie currant utrengih and j*‘ri««licily. A ^•3al|ce ni the 
typical wave fortita for tlnm* two lyia aof nureiit flow will 


sttflica to indicate that in the fornier raw l!i«' ,, value** nre 

Ml 

much larger than in the ayniinetrie alternating curr* nt*!. A 
further mlvartlAgfi of the direct isiirrwnt is that for the «t:iine 
effective potential differenco a large r current »•»» fe pfiH^'d 
thmuij!i thf? ailont diHchame IiiIms with » c.inse tueiil i ; i ■ 
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J i'uschin and Kauchtschev (“ J. Russ. Phya Chein. Hoc.,” 

46 , 57(5, 1914) have likewise shown that the yield of o?:one 
j increases with the frequency, but that the optimum frequency 

was dependent on the applied voltage as indicated by the 
following figures:— 

I t’eriodicity. ApplUd Voltage. 

I 1210 . 0500 

j 960 .. .. 7000 

rm . 8000 

I For a constant air-flow an increase in periodicity above 

I those limits decreases the output of ozone, whilst an increas¬ 

ing air-flow displaces the maximum towards increasing 
frequencies. 

, In a general way it is not difficult to offer an explanation 

'■j. of the increase in yield of ozone per coulomb with rapid 

alteration of the current flow or increasing tension of a 
current impulse, if we regard the formation of ozone duo to 
electronic and molecular collisions. 

At any given instant we may regard the curnuit flow as 
constant; then proceeding from the negative to the positive 
f electrode there will be a stream of electrons which, in their 

passage through the gas space will ionise part of the gas 
I therein. The effect of the electron stream on the oxygen 

I fraction of the gas is three-fold:— 

(fit) A splitting of the molecule into two neutral atoms by 

( direct impact— 

OgO 4- O. 
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I t - n, ! i-''. 

()-»(> !• ■' ■) 

th« pn«itivc itiJiH Ko funiH il which iishv he ta niiic t(r Ciiji>iiht 
of moloculo c^luHtcrH iwc hiivi- alrciuly Jinhciiti d that cviilcncc 
for cUiHtcrH up to O., in romph'Xtly ih sU hun*!, f lun jirnlmhly 
reprowmtH the I'xtn inc npjti r htnit. a Inrj^c « lijHtcr« i-asiiy 
break down aj'iiinj. 'Fhe atnioH «r nwh enh ?* mf!) njn- or two 
piwitivii chfircim nalnrally pron-cd m the r* v« rii»' ihrcirljon to 
the fitrcaui of ^•!^*t•ironH uud by inijcni and coiDlijniition with 
them nKiitraliKfttioii to iitoiiit* and niolccidar 
more) (‘ffcotifi— 

n, 4 t>3, 

(c) An itmisation of the tnoh culc or atom hy impact ainl 
atlhisrenco of tin: electron. 

The electron having »pi nt moHl of it:« kitn iic en* rgy with 
which it left the electrode or dud* ctrm, tnay, on contact with 
a neutral atom or molecnle, not *iti!lici* nt energy to 

detach a valency electron from sl» orlot of rotation and may 
actually adhere to the »»iyat*4« it fstnlfi fi forming a n*’p<itivoly 
charged atom or moh eni** 

f.», f fc;. (t\ 

it 4 - O’. 

Oppoaitely charged aUitna ami molecnka may ilntn react to 
fortn OMmc"- 

o, 4 tr i).,. 

If thfi currotit flux be iilbjcct to violent chniigrti then the 
Stream dettiity of bulb elcctrotin and ga»* molecuh i* w di not 
be cciflilant, but will pr»'rd by a ai'ne* <4 trregnlar «pa(niio*!ii; 
buwts of varying vclotiitic*, lima greatly enhancing the pos* 
elbiiliieii of coUiwoa. 
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Influence, of Gas Floio and Composition. 

We have already referred to the fact that the output of an 
oxonisor is governed by the concentration of the ozone formed 
during the discharge, since for high concentrations the rate 
of deozonisation is increased and the apparent yield of ozone 
per kw. hr. decreased. In the curves on next page are 
shown the relationships obtained between yield and concen¬ 
tration by utilising a standard Siemens and Halske industrial 
ozoniscr (Erlwin, “ Zeit. f. Sauerstoff and Stickstoff,” o, 143, 
1911). 

Warburg and Leithauser (“ Drud. Ann.,” 28 , 1 , 1908) 
made a very extensive series of experiments on both glass 
and metallic ozonisera to determine the influence of the ozone 
concentration derived upon the yield. Their results are 
tabulated in the following columns:— 


DMnnat 
ht4umm 
MkdffMhn 
m Ctm, 

VoUmjif, 

Permd" 

kiig* 

Amjmren* 

Cos 

Omn. jfer 
AmpeM 
Hour for 
Cimmntr(%> 
tkms of 
Owm, per 
Cubm 
Metre, ^ 

mi 

8, 

060 

m 

0 -im 

0*185 

10 4 

88-8 41- 

0 

1*411 

iO, 

om 

m 

0*10^ 

0*814 

««« »»- 


MD i 

16, 

m 

m 

o*m 

0*248 ' 

52*S 55 

1 

mu 

17, 

m 


0*160 

0*415 

61-1 66 

1 


10 

m 

m 

0*1SS 

0*481 

72-2 78 

4 

4 m 

U 

5(00 

m 

0*160 

0*450 

5S*8 02 

*4 

mu 

*J 

♦80 

im 

0*808 

0*451 

75*7 81 

4 

am 

m 

800 

im 

0*280 

0*44T 

64'0 68 

0 


n 

840 

mo 

im 

0*5S7 

67-1 66 

‘0 

4*611 

m 

1(» 

ipm 

M0 

om 

i 

88-0 68 

*0 


Limiting 


Cmmn- 
traiim ' 
, m Om$, 
tier €%^k 
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It wili be noticed that the conditions most favourable for 
the economic production of ozone obtain with low concentra¬ 
tions of ozone or relatively high flow rate of air. High air 
flow rates likewise servo to keep the ozoniser cool, an import- 
tant consideration since the catalytic decomposition of ozone 
is considerably accelerated by high temperatures. 

For technical operations the air-flow rates are accordingly 
adjusted as to give the minimum concentration of ozone 
which will prove effective for the process under consideration; 
for under these conditions, although more energy must bo 
expended for pumping air, yet a very considerable economy 
is offectod in the ozone production. 

The concentrations of ozone and the yields obtainable per 
kw. hr. aro higher in oxygen than in air, hut the employment 
of oxygen instead of air does not prove to bo economical in 
practice, although concentrations up to 150 gms. per cubic 
metre, or nearly three times the maximum concentration 
attainable with air, can he carried out. 

'i’ho yield, however, does not increase indefinitely with 
the oxygen pressure, thus, H. von Wartenberg and L, Max 
(" Zeit. {. Elektrochem.," 14, 870, 191H), operating with an 
ozoniser constructeil to withstand high pressures with an 
interfsalar spacts of from 2 to 6 mm. and a current of 1 milli- 
ampete at 28,000 volts and 60 periods, obtained the maximum 
ozone concentration and ozone yield per watt-second at O'S to 
1 atmosphere. Pressures up to 6 atmospheres were reached 
during the course of their experiments. 

it will be noted that 60 gms. of O, in air, and 180 gms. 
of ozone in oxygen per kw. hr. represent the best results 
yet obtained with ozonisers 0 |) 6 ratiag under the optimum 
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conditions. Taking 84,000 calorics as the heat of formation 
of ozone, this represents a thof>rt!tica! yield of 1-2 kgins. per 
kw. hr., or industrial ozoniser-H have an efliciency of only 
5 per cent, in air or 18 pesr cent, in oxygen. 

Air suitablo for ozonisation should Ins free from dust, 
which favours tlie passagt! of sparks, and from certain gaseous 
impurities such as o.xideK of nitrogen, chlorine, and more 
especially water vapour. All three gases appear to i xert a 
distinct inhibiting elTccl on the farmaliori of ozone, in mhli- 
tion to a deozonising action, which i.n e.speditlly marked in 
the case of chlorino and nitrogen dioxide, Thi- function of 
those gases as catalytic dc-ozonisers will 1«* refern d to lati.T. 
The inhibiting action, which ia tnost nmrked in tlui case of 
water vapour, has been attribnti'd to the fonimtioii of mist, 
which servo as nuclei for the condensatirui tif the gas ions. 
Under these conditions of condensation, tho volocily of tho 
ions is naturally roductsi and their power of ionising or 
breaking down a molecule into atoms is correspondingly 
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passed, however, through both in series, or when the air 
currents subjected to each discharge were mixed, oxides o£ 
nitrogen were produced. 

Lowry came to the conclusion that in the spark discharge 
an active variety of nitrogen was formed which was easily 
oxidised by oxont!. 

Dielectric Material. 

We have already noted that the yield of ozone per kw, 
hr. at a definite concentration increases with the increase in 
capacity of the ozoniser, but that the limiting yield decreases. 
In addition it must be romemborod that extreme variation in 
the size of the air gap or intorpolar free space is not permis¬ 
sible, since too small a gap will permit the passage of sparks 
and possible arcing with minuto variations in the applied 
voltage, whilst with a large interpolar free space the luminous 
discharge, on which the formation of ozone appears to he 
largely dependent, will not fill or “saturate” the field. It is 
evident that the use of dielectric material other than air, by 
which alterations in the capacity and interpolar distances 
can readily be made, offers the designers of ozonisors a very 
considerable latitude in these factors. 

For the purposes of calculation we may take a simple 
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If the two plates are charged with a quantity of rf ririf y 
of surface density a, the attraction, at a point P sitiialt* iii ciim 
plate, by the other plate which is separated froiii it Iiv I hi! 
interpolar distance (a) is— 


F 


f: 


'’" ^irrdra- cos 6 _ j'527rE t£m 5crQ set:'- (■‘ (h 


a? sec^ 6 


a“ see 


= J"^ 27rcr sin 6 = iira-. 


At a point between the two plates the attraction fUit; to i-ach 
plate is 2770-, thus, with a positive charge on one plate ami a 
negative charge on the other, F = 47 rcr. 

If the potential difference be V, and the total cliarg*! 

^ ~ being the area of eacli plat**, or the 

= Q = A 


cpacily-^-—, 

if we neglect the irregular distribution of tho stream lines 
near the edges of the plates. 

On the insertion of a piece of plate glaas of tbickneM b 

between the plates, the equivalent air thickness is t.. where 

K. 

K is the specific inductive capacity of the glass, lumm tlm 

new capacity will be augmented to ~ _ ^ . i 

V . 7 f, 

4w (« ^ 

the interpolar distance of air space reduced to a .. f, {jy 
this means we have angmenlea the capacity a„,l 
the mtetpolar aistance of the otonieer. and th„. 
efficiency; at the smne time the tendency to 
mptoe of the gap between the eleotrodca is dimini,l„a|, • 
he mechanical force per nnil area ie likewiae redne,!, „„d 
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the possibility of the flow of currents of high densities natur¬ 
ally excluded. 

The following are the approximate values of the specific 
inductive capacities of the more common dielectric materials, 
dry air being taken as unity :— 


Material. K, 

Paraffin wax.2-3 

P-osin . . . , . . . . . . 2'6 

Ebonite.3-2 

Sulphur.3-8 

Glass.6 to 7 


The choice o f di^ctric material is naturally limitedj^ since_ 
it has to withstand both high temperatures and the destruc-^ 
tive oxidising action of the ozone. Amongst those which 
have been suggested may be .,i3a§nti,Qned,:_ shellac, mica, 
quartz, glas_s, and artificial insulators formed bjr condensation 
of phenol and formaldehyde, the so-called Baekelites; glass, 
however, is the onJy^material„w:hi,ch._has received extended 
techn icjtl ,ap,plicatian. 

The effect of insertion of a solid dielectric in the inter- 
polar space is, however, not so simple as indicated by the 
above considerations, since like other materials, not only are 
they imperfect insulators, but many of them possess the in¬ 
teresting property of acquiring residual charges. We may 
regard the dielectric medium to consist of a number of con¬ 
ducting particles embedded in an insulating material, the 
fraction being smaller in the case of the more perfect insula- 
tora. If this fraction he denoted by u, then the specific in¬ 
ductive capacity can be calculated approximately from the 
relationship 
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lie, 


u being detemiined from the molocnlar sixjcific volnnu; 

When a strip of diobictric material is chargeul up to a 
high potential, after dischargo it will be found to acupsin^ a 
small charges on standing, which is often snlTiciently gnsat to 
raises the jKstential (sf this ditsloctric up to UtW volts. 'I’his 
propesrty of aestpiiring a ressidual (shargss is only pewstsssed by 
those bodies whicli possess the propesrty of tsxhibiting elastic 
after-effects, it is never shown by simpbs substanciss, but only 
by mixturtss such as the glasstss; thus xylents and paraffin 
oil alone do not show this effect, but on mixing the two, the 
residual charge is apparent, Orus f»f the constituents must 
also possess a certain amouut of cbsctrical comluctivity. 

It is inttsresting to note that Riesenfeld (" Zoit. Elektro- 
chem.,’’ 725,1911) failiid to obtain a brush discharge with 
pure quartz glass, although such discharges are nmdily ob¬ 
tained with all forms of glass which may contain quite largo 
percentages of silica, attributable to the slight ehtctrical con¬ 
ductivity of the glass, and its pcjssession of a residual charge. 

Two other important properties of dielectric mat»*rial« 
must be briefly alluded to, namely, the altomtiwi ifi conduct¬ 
ivity with elevation of the temperature, and the modification 
which the dielectric undergoes when subjectfid to ebetricat 
stress. 

It is well known that the conductivity of glass at even 
slightly elevate temperatures rapidly increases. Mond and 
Langer and Huber have actually used solid glasses as 
electrolytes at temperatures between ‘200’ and 500* C. Local 
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overheating at one point in the dielectric, due to a slight ir¬ 
regularity in the current flow, will thus cause an increase of 
conductivity at this point, with a corresponding augmentation 
of the current. Fusion and finally perforation of the glass 
results. It is for this reason that porcelains, which possess 
temperature coefficients even higher than those of the glasses, 
are unsuitable for dielectric material in ozonisors. 

Kerr noted that the optical properties of dielectrics were 
considerably modified by the application of electric stresses. 
I’hese modifications arc influenced by the period of time for 
which the stress hasljeen applied, thus Fleming (see “Amor. 
Suppl.,” 45, 1912) showed that the conductivity of a dielec¬ 
tric varied with the frequency of the applied alternating 
curremt, and Lipp (“ Hochspanning Technik”) found that 
the applied voltages necessary for perforation of thin sheets 
of dielectric material varied with the period to which the 
dielectric material had been subjected to the electrical stress. 
The perforating potentials for the usual dielectric materials 
are approximately as follows:— 


Mitt£r-mL 

Perforatiing PotmtuiU 

in Kikmltn Om, 

mm 

. 000 to 7 m 

. 

. 400 „ 600 

F«ctila|ja. 

. 100 

0lEii ...... 

70 n ^100 

flaw ..... 

. 1{X)0 

Air f * Atiia4ii»i M* 3, 

5i, 1012)— 


7000 volt* per om. 
97,000 „ „ 18'5 „ 

100,000 „ „ 14 „ 


The potential difference necessary for discharge between 
two conductors ip m varies with the size and shape of the 
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conductor, point discharge taking phutf! Jiiuch inon; n adily 
than, discharge across plane surfacem. H’he [ollowing fjgnri's 
(Abraham and Villard, “.Physical Constants,’’ lUlO) indicate 
the potential difference re<inired to cause a hi) nun, spark ttj 
strike between two Sijherical electrodes fff varying radius :— 


liadius in Mm, 

/ thi! !rfi. 

a (platiP) 


1100 

Hh,Um 

100 

mjm 

50 


0 (pftiiit) 

mjm 


The relationship hiiween the potential difference and the 
striking distanci^, is also not a siinjtle «tiu!, as indicated from 
the experimentally detrived figures for splmriKai eloctrfsU's 


1 cm. in radius— 

L)i$tanr& in €im. 

om 27 

0*10 41 

0*4,0 li’ll 

0*50 111! 


For very small interpolar distances, say 1 to 50 ftfi, the volt¬ 
age necessary is indcjKindent of the distance an«l erpial tf> 
about 350 volts (K. Williams, “ Phys. Chem.,’’ 31 , 210, lUIO), 
0. Hoveda (“Phys. Itcjv,,’’ 34 , 25, 1U12) gives the follow¬ 
ing relationship tor itoinfc to plane dischargtw- 


where u, h, c, are constants, and 1 ) is the ititerpcibiir distance. 

The use of minute points corrugated or rmighened metal 
electrodes in industrial ozonirnsrs is very frequent, since, as 
W 0 have seen, the presence of points facilitates the elec!rieal 
discharge. 
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L. D^combe (“ Jour, de Physique,” 2 , 181,1912) has at¬ 
tempted to calculate the energy dissipated in a condenser 
when connected to an alternating current source; he shows 
that the energy absorbed, i.e. Y^q (where V is the applied 
E.M.B’. and q the charge on the condenser), can be expressed 
in the form :— 

+ R,SV, 

where m is the polarisation and a constant, this is equi¬ 
valent to the dissipated energy:— 

or the dissipated energy is proportional to the square of the 
polarisation current and independent of the periodicity. 
V. Ehrlich and F. Euss (” Zeit. Pllektrochem.,” 19 . 380,1913), 
as a result of an investigation on the measurement of the 
electrical (juantities in a Biomens ozone tube, showed that 
the ionisation or polarisation current and applied potential 
were always in phase, and that the potential difference 
across the gas gap was a direct measure of the energy. 

Chassy (“ Jour, de Physique,” 2 , 876, 1912), on the other 
hand, showed that the energy absorbed per second by a gas 
under alternating Reids, varied as the charge Q and not as 
the square of the charge, as in metallic conductors. 

An in«;r«a«e in conductivity of the solid dielectric is also 
t«j bo expected from its exposure to the ultra-violet light 
gouorahid by th(s brush discharge in the interpolar air gap. 
A. (loldinann (“Ann, der Physik,” 36 , 3584, 1911) has 
shown that sfjlid dielectrics exhibit both an increase in con¬ 
ductivity and a negative discharge of electrons similar to the 
Ifallwachs effect in metals when subjected to ultra-violet 
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irradiation; the conductivity of Kulphur is said to incri:iiK« 
1500 times when thus illurainatwh 


Ttjjm of Indmtnal Oyini.Ht rs. 

Industrial ozotiiscrs may he urotipt’d into two distinct 
types: those in which the silent discharge passes across the 
air gap without the interposition of any solid dicdectrie, and 
those in which one or both of the electrodiis are proUicted by 
some suitable dielectric material, usually glass. 

Non-didectrin Oaoiiners. 

Several attempts have been made to prtjducsi an fizoniwir 
louL any dielectric and although largo units on various 
■Jins have ham constructed from lime to liiue, th«dr 
iency has usually been extremely low and at the. prr»cnt 
time all industrial ozonisers contain diehnstric material. 

Schneller, Wisso and Bloen, in 1B94, were the first to 
construct large ozonisors without a dielectric, Omi dis¬ 
charging surface consisted of a sh(«et of platinum gauzis to 
provide a great number of small points some Iff) rum, from 
the other surfacr? formed of i»erforated metal sheet, the air 
cuiTont being forced through the perforations in the shfsel. 
The two electrodes wem cylindrical in shape and were 
mounted in glass tubes. The operating voltage wa*4 at first 
15,000, which was subs^uoatly raiwsd to 50,000. 'I’o iiv«uif 
tho fonnation of an arc discharge, which in the alw nce of 
Mty dielectric between tho elcsjtrodwi would Iwi attended witfi 
disastrous effects, a high resistance was insertrul in series 









I-IIODUCTION BY SltiKUT BLECTEIC WSCHAEGl? 121 

necessary to obtain a suitable resistance of 1'5 megohms, 
capable of carrying O'Ol ampere ; moist unglazed porcelain 
and glass tubes containing 80 per cent, glycerine wore found 
most suitable. Vosmacr (“ Ozone," p. 94) showed that 
sparking and arcing could not be avoided even with this 
artifice, and that the external resistance served to increase 
the capacity of the circuit rather than the resistance. 

Hlato was found to be more suitable than either glycerine 
or moist unglazed porcelain, which rapidly lost its humidity 
and Kufftsred an increase in resistance. 

I’atin’s ozoniser followed a similar construction ; re¬ 
frigeration of the air prior to ozonisation was employed to 
inertjase the yield, and a number of small metallic perforated 
jjrisms enclosed in a single unit comprised the electrodes in 
lieu of the perforated plates and gauzes in Schneller’s ap¬ 
paratus. 

Various improvements in design of this type of ozoniser 
were introduced by Tindal in 1894 and more especially by 
I)e Frisc in 1904. Do Frise’s plant was actually employed 
for a short period in the sterilisation of water on a largo 
scale at this Haint-Maur Water Works at Paris, but the 
dielectric Sicmens-Ualske ozoniser was subsequently in¬ 
stalled and adopted as proving itself more economical in 
operation, 

Tindal employed Schneller’s method of augmenting the 
capacity of the system by the insertion of liquid resistances 
in scries with the ozoniser. The ozoniser consisted essenti¬ 
ally of a system of compartments separated by perforated 
nuital plates, containing alternately a set of electrodes and a 
water-cooling device, 
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The pcrfomted metal plates attachetl ti> the cnniiti” tuijeg 
served as one scit of electrodes of the oxoniHer luni fhie ‘{aiizc 
as the other set 
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The watc*r wm nmiritiwmiil in tciivr? cirr:ii!iilitiii ifi aii||- 

mcmt thii cooling. 

Do Frino likowiso adopted 1'incliirH arriiii||iiin«*«t *if 
sating o^onination and ndrigoriilinii, lint afiopifnl a 
armngonient for tlio diHtribniion of I'tMi ifluctriidr^. 

These connisted cisentially of a wcrirw of 
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Matili disc was furnished with a number of minute points to 
facilitate the discharge. 

These ozonisers wore in successful operation with voltages 
up to 10,000, although an applied voltage of from 16,000 to 
20,000 was usually employed. 

It possessed distinct advantages over Tindal’s apparatus 
in that the distance between the electrodes could be reduced 
very considerably without risk of arcing, thus increasing the 
efficiency of the apparatus. 

Various types of mechanical ozonisers operating without 
the interposition of any dielectric have been constructed from 
time to time, the most successful being that of Otto. 



'rius frefpient occurrence of arcing in non-dielectric 
ozonisers as well as the necessity for obtaining a very small 
jH>lar distance between the electrodes for efficient working, 
kid Otto tr> construct an ozoniser in wliich by the rotation of 
one electrocki the polar distance was always varying, so that 
if for any accidental cause an arc should be formed at one 
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point, it would speedily be broken again by the Hulwetpient 
increase in the arc gap. A diagram <if an improved form of 
Otto ozoniscr is sliown above. One els'ctrode, which i.s fixed, 
consists <!HHontiaily of an aluminiuiii disc, stiidti*;d with a 
great number of small points, the rotor being a midallic disc 
segmontod with insulating material. Up to Hi),000 vrdts have 
been employed on these machines. 

None of these ojionisers have proved suiliek'ntly econoriii- 
cal or reliable for industrial operations in which, at the 
present time, or-onisers containing one or more dieleclrics 
are practically univenailly employed. 

Ozmdsnrs (Umtainintf « DiMertriiu 
Tubular Ozmme.rs.-~riw present construction of service¬ 
able apparatus for the production of ozone by means of tho 
silent discharge has developed from the sunplest fom»s of 
ozone tubes constructed by von Siemens, in ISW, in Ciermaoy, 
by Brodie in England, and Berthelot in France, 

Siemens' first ozonisor consisted essentially of two coaxial 
glass tulMis, the outer coated extornally and the inner itstern- 
ally with tin-foil, the air being iMSsed through tbii annular 
space. Brodie substituted water as cleetnKie material in Ifie 
place of tin-foil, and Berthelot used sulphuric ae.nl 

These ozonisers thus contained two diolewlric plates cover¬ 
ing each electrode, jusd in practice gave, w-rvicf ablis awl 
uniform results. 

Brodia’g and Bertheiot's system give* somewbat better 
results than that of Sirens’, since it is a simplo matter in 
these forms to wrrange for efficient cooling of tliu elHctrodns 
and interpolM spime, When oxygen is employed instead of 
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air, a 10 per cent, ozone concentration can easily be obtained 
at room temperature and over 20 per cent, at —25° C. 

Yet another type of apparatus was introduced by Dr. 
Oudin and Andrdoli in 1893. As one electrode a simple 
form of glass vacuum tube was used, electrical connection 
being furnished by means of a soaled-in platinum wire, 
which in Andrtoli’s apparatus ran through the whole length 
of the tubti. The second electrode consisted of a series of 
equally spaced indented steel rings, surrounding the vacuum 
t«b«5, OT a copper spiral coiled in the form of a helix round 
the tube; the whole unit being inserted in a glass tube 
through which the current of air was passed. Gaiffe and 
E. Chatelain at a later date modified Oudin and Andr^oli’s 
apparatus by substituting a second annular vacuum tube in 
place of the steel or copper electrode by the former investi¬ 
gators. 

Small types of Oudin and Andr^oli’s machines were at 
one time popular for medical work but have not been 
developed for industrial purposes. 

The Siemens type of ozoniser was developed by Froh- 
lich and Erlwetn, of Siemens and Halske, to its present form, 
which has proved to be eminently suitable for industrial 
purposes. 

The tubular form of the earlier form of apparatus was 
preserved, but various modifications were made in the dis¬ 
position of the electrodes. 

For the internal tin-foil coated glass tube, a cylindrical 
aluminium tube was substituted, maintained in position in 
the outer tube (of glMs), and separated from it by 1'5 mm. 
by means of tibrea ebonite spring plungers. As the other 
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eloctrocia, Brodio’s idea of usirifj water wan a<io})tt!d and pro¬ 
vision was made for circulation to eiisun; coolin',', the caMt- 
iron frariio containing the ojconiser and water ciMiJing being 
car(^fully earthed. The Hmallest teehnica! unit containH two 
ozoiu! tuh(s8, tlu! largest <‘ight in the same water-cofding 
frames which is provided with a glass insp^ctietn plate. 
The operating voltage varies hetwtaai ■KMM} and lO.tJOt) 
volts. 



We have already disctiased the results ohiaiiied hy 
Kriwoin with this type of apparatus and will refer to thu 
technical applications in a aubaisjuent wfcfcion. 

A similar type of apparatus has been dtfvebpcd by the 
General Electric Comi^ny, but the somewhat clieaper and 
equally efficient enamelled iron baa been aubslitutad for the 
aluminium. 

The Westinghouse Company in the Gerard oKoniw nub* 
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stitute oil for water as the external electrode, and utilise, as 
in the early Brodie tube, a double dielectric system. 

According to the investigations of Vosmaer, the economi¬ 
cal production of high concentrations of ozone is realisable 
in this type of apparatus. 

Various other forms of tubular ozonisers have been the 
subject of patent literature, a few of which, such as the 



Pw. 17. 

Klworthy, Yarnold and Oaiffe, have been sporadically de¬ 
veloped for a short time by small companies, only to sink 
again into oblivion. In Europe the only representation of 
this type of ozoniser which may be said to have established 
its footing industrially is that of Siemens and Halske. 

Plats Type Omnisem —^In the tubular t}rpe of ozoniser, 
owing to the disposition of the electrodes, it would appear 
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that the use of coolint,' water is oKK«uitial in rtnh'r to kcfip 
tho intorpniar apaco and tho inner eleetrode rclafivciy eotd. 
which, as wo have seen, is one of the most important factors 
in tho oconornic production of ozone. Sirjci! the lloTinal 
radiation obtainahlo from two paralio! platoK in iniich grrator 
than in the. tuhular form, where tlie radiation is praciicaliy 
confined to tho intorpolar area and to the externa! surfare ni 
one electrode, thi; provision of j'fxding wati;r in not esHcnlial 
for oilicient 0{K!ration. Altlionglj !>etter roKultH are ohtuiii- 
ahlt! in well-designed ozonisors, where water eixding i« twed 
in addition to tho cooling tilTeeted fiy th<i air paHnsge, yet 
with air-cooled plate ozfaiiHers of the proper design ami with 
the onhancisd capital and running costs entailed in water¬ 
cooling davi(5f!8, tho cost of ozone production hy either 
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Andrcoli’s ozoniser consisted of a series of serrated alu¬ 
minium plates separated from each other by a sheet of glass, 
ca. 2 irnn. thick, and an air gap. Each plate had an area of 
30%5 X 80'5 cms., and possessed 17,760 points formed by in¬ 
dentation of the serrations. These units were mounted in a 
wooden box ; provision was made for possible expansion and 
contraction, and various artifices were devised to ensure the 
plates being inserted quite parallel with each other. 

With an eight-plate ozoniser, operating with a voltage as 
low as 3,‘}()0 volts, an energy consumption of 550 watts could 
easily be maintained, producing ca. 00 to 100 gms. of ozone 
per kw. hr., naturally at very low concentrations. In his 
latfT models Andrdoli likewise introduced water cooling, and 
could consequently elevate to applied voltage from 3,300 to 
10 ,000, without any undue rise in temperature. 

Experimental ozonisers of similar construction have been 
dcisigned by Vohr and Vosmaer but do not appear to have 
been developed for industrial purposes. The only air-cooled 
typo plate ozoniser which appears to have outgrown the ex¬ 
perimental state, and to be actually employed in the various 
industries, is that of the Ozonair Company. 

This ozoniser is extremely simple in construction and 
efficient in operation. The olectrodic discharge through the 
glass dielectric plates and air gap is facilitated by employing 
fiat shetits of metallic aluminium alloy gauze as electrode ma¬ 
terial ; this poss^ses the dual advantage of an oven distribution 
of points over tljfe whole electrode area, and of being practi¬ 
cally n'sistant to corrosion or tarnishing. Cooling is effected 
by the air current and concentrations up to 8, and, for 
short laariods, even 4 gms. of ozone per cubic metre may be 




OZOK!’ 


lao 

obtained under eonditioiiH uf aittual oprsmtien without undue 
elevation of the tentperatiire. 'I’iu* nperatiiit* voUiit;*' in usu¬ 
ally 5000 at periodieities varyiii;' frmn 25 t«> KiO. 'FcrttH have 
nhown that at a eonct!ntrati<»n of 2 giiiK. per cubit; lut tre tin? 
output may exceed 100 Kins. 1 * 1 ' kw. hr. 



WtiUr-C'ookd Ptntf OmninerM. - 'fhis typ* »if <iznni«t r 
was developed chiefly by the early investi|»»tioHH nl fhlo, 
and subBoquently by those of Mariwii-r and Abrabatu; »« a 
result the Otto Mantiier Abraham Ommmr %va« euiistniett d, 
which has found a by no means insignifteunt jit»mb«tr of in* 
duatrial applications, especially in Franct*. 

The unit consists of a pair of hollow' di'te i li rirtsb « with 
perfectly plain faces which are protictcd by jdiUcH rsf the 
dittlwlric, in this case glass, some 2 mni. fbick. The inter* 
polar air space through which lie* air lluwf* in a iiMbal 
dirr.'ction varies from I'S to I'b intn. in width. Kae.h 
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is cooled by running water, a broken fall providing against 
short circuiting through the earth. 



I’he outer casing is made of earthenware, the air being 
forced in at one end and emerging after ozonisation at the 
other. 



EAwm 
Pro- 20. 


The ozoniser operates successfully at a voltage of 30,000 
to 40,(WO volts, although voltages much lower than this can 
nftfciimllv be emniovfld. 12.000 
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Otto iiitrotliiml for Ihtmi* a ^inijili* fririii nf 

electric safety valves ccniHiHtiiu^ «>f two }inrii-.H}iii|ii'd 
separated by a variable air giip and ii!iii!rd in Hi-riefi wiili |jie 
055oniser. 

An aecidemtal rise in the ojieralin*| Vfilla|;,es m'^riubi eansi* a 
cliaebarge to take plrua-^ acrosH this air giij* wiirii .liiiitubly iijI- 
jiisted, and thus obviiitr? any break-d*'rwii iii tbi* liirleciric 
plates of tins o^'/niiser. 

Ijabillci snggestrd the iiho of mica a diirlfMtirir m pim%* 
of glass plate in ojconistn's rif this iypc% Init. in |trnfiif^r» tiwiiig 
to the disinlegratioii of this hmiitmlml iiiiileriiib nnlimnimhh 
resnlts were obtfiiricd. 



CE5APTER VITL 

THE OATAriYTIC DECOMPOSITION OP OZONE. 

Bince the quantity of ozone in equilibrium with atmospheric 
oxygon at ordinary temperatures is, as wo have seen, almost 
vanishingly small, it follows that in ozonised oxygen or 
ozonised air conditions of unstable equilibrium obtain, and 
the apparent stability of the ozone is duo to the fact that the 
equilibrium is “ frozen,” or the rate of decomposition of ozone 
at these temperatures is almost negligible. The rate of de¬ 
composition of the ozone in excess of the minute amount 
present at the true equilibrium can he accelerated in a variety 
of ways, such as hy the addition of catalytic materials, either 
solid, liquid, or gaseous, by photo-chemical action, or by 
purely thermal methods, by slightly elevating the temperature. 

The rate of decomposition of ozone has been the subject 
of many invtsstigations. Bhenstonc in 1897 considered dry 
ozotui to he extremely unstable, and to undergo decomposi¬ 
tion with extrcsmo rapidity. At a later period, H. E. Arm¬ 
strong showed that, in the absence of oxides of nitrogen, the 
rate of decomposition was sensibly lessened. 

Juhn (“ Zeit, Anorg. Chem.,” 48 , 260,1906), at Nernst’s 
suggestion, conducted a series of experiments on the rate 
of decomposition with a view to elucidating the mechan¬ 
ism of decomposition. The ozone molecule may undergo 
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(lecoiiiposition in a variety of ways, an iridiraii ii m !,!ic ln|. 
lowing' (iquationH 

U) ‘20, 

(ii) o, i>,+ o 

(iii) {), n -iCJ,, 

Jahn’s nxpcriniciitul rcHiillH ajijw ari'd to iiidit atf Uiattho rat*' 
of dt!coinjK)hitinn could 1«! formiilalod in thi^ ospo f, »«n 

dr.(O^) 
dt' " 

lie conHcquently arguoil that tlio dot omjjositioii full ovi d tla* 
coums indicate! by r-iiuatioiiH (ii) anti (tii} on Un* as««mi|»tic>n 
that the firat reaction wa« rapid an<i rcveraibh ■ 

O, f>s ♦ O. 

and the second alow and irreveraildc 
Oj f O 2C»,. 

Perinan and Oreaves {“ Proc. lt(»y. Hta;./' 4, M)7, HtOK) 
likowiws Htated that the rahs of decomposition waH invorwily 
proportional to tiui concentration of tin* oxygen 

K 

df ftOj)' 

Chapman and Clark (‘‘TrauM, Chow. (o.i. P’etH, PdDH) 

and Chapman and Jonea (*' Trana,” as4.240;!, I'.Ho) Hobji'cled 
the whole matter to an oxhaiiKtiveoxaniiwit iun ; tlo’V fli itt« d 
that Jahn'a and i’ermati’a interpictalion wa« not eurrect and 
that very fierious errors due to the catalytie effect *4 th»* sur- 
fttco of the gIa»B veasei vitiate! the acenrapy of il»*-)r r«;i«nltf*. 
These inveatigatora found that the lak; of d»» <tnipo»stton was 
proportional to the square of the eoncentralioii of Sh»‘ mum 
and independent of the oxygen pwssuro; 
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or 
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= KC(0,)". 


E. Wcigort (“ Zeit. Phys. Cheui.,” 8o, 78, 1912), however, 
obtained values corresponding to an order of decomposition 
somewhat exceeding two in the dark. 

The rate of decomposition is greatly accelerated by rise 
in temperature, being almost instantaneous at 270“ G. and 
quite rapid at 100“ C. This fact, namely, that the equilibrium 
is not to be regarded as “ frozen ” until room temperatures 
are arrived at is, as we have seen, the factor militating against 
the successful thermal production of ozone in contradistinc¬ 
tion to nitric oxide where the equilibrium is practically 
“ frozen ” at 600“ G. 

'I’ho decomposition may likewise be accelerated by solid 
catalytic agents such as the following:— 


Ag, Gu, Co, Ni, Cr, 03 , Pb*0„ VA. MnOj, TiOj, ThO^, 
CcO,. U,Os, W^Oa. BaO, CaO, Hg, Ni, Pt, Pd, V, 
and powdered glass. 

The catalytic activity of platinum black is extremely 
great. Mulder and v. d. Meulen (“ liec. Trans. Chom. Pays.- 
Bas.,’’ I, 167) and Warburg (“ Berl. Akad.,Bor.,” i, 1900,1176, 
1901) notiidtho rapidity of decomposition of ozone rich gas 
when passed over cold or warm platinum black, whilst Bister 
and Geitel (“ Ann. der Physik," a, 39,321,1890) and Well and 
Kopp (“Jahresbcr. Chera.,” 270, 1889,822, 1H90) observed 
the formation of ozone by passing oxygen over hot platinum, 
indicating the reversibility of the catalytic activity of the 
platinum. 

In many cases the activity of these catalytic materials 
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lision was effective. In the absence of any surface, i.o. in free 
space, Btrutt concluded that at 100° C. two molecules of ozone 

must collide 6 x 10 “ times before a favourable collision re¬ 
sulted. 

The effect of various gases on the rate of decomposition 
of ozone was likewise investigated by Chapman and Jones, 
who showed that oxygen, nitrogen and carbon dioxide had 
no effect, whilst nitrogen dioxide and chlorine accelerated 
the rate of decomposition. The influence of water vapour 
was not very marked. Shenstone (“ Trans. Chem. Soc.,” 71 , 
47, 1897) stated that water vapour did not retard the forma¬ 
tion of ozone; but, as pointed out by Armstrong, Shenstone 
probably included any nitrogen dioxide formed at the same 
time in his ozone estimations. Warburg and Leithauser 
(“Ann. dor Physik,” IV, 20 , 757, 1906) found that the for¬ 
mation of ozone was retarded by water vapour whilst the rate 
of decomposition was not affected. The specific influence of 
water vapour in accelerating the decomposition of ozone was, 
however, noted by Warburg {“ Sitzungs K. Akad. Wiss.,” 
Berlin, 644, 1913) in the course of his investigations on the 
photo-catalytic decomposition of ozone. 

It may be concluded from these experiments, as well as 
from the somewhat scanty data collected on the rate of 
decomposition of ozone in solutions, that water vapour exerts 
a slight yet distinct catalytic action. This is only to be ex¬ 
pected if it can be assumed that ozone is slightly acidic, since 
when pas8«3tl into strong alkalis it forms the somewhat un¬ 
stable coloured ozonates MHO 4 . In this case (see Chapman 
and Jones, ‘‘ Trans, Chera. Soc,,’’ 208 , 1811, 1911) an equili¬ 
brium is probably set up represented by the equation— 
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wfiara (,!(C.III| in vary famuli mut K" raliilivr’ly .%iaiill ri»iii|i;irr*l 

U> K. 

iiotli (** Mrmatiihr’fir 34* invr^tigatfil Ilia i!rs. 

eciiii|ic:Miiiciii nf tm.mn in ncnl hnhttknmi lia llml 

riitf'i nf fli?c:rjiiiji«>iiitinri in ^tirnnn mridti wt%n ri«'iirly liiiii« 4 *'Tiilar 
iincl ill 'Vi?ry wi?ak mmh l|■4*lll«'i|la■fl«'-rl||ilr» ilia rml#^ 

far any iioid ilrangth liaing tlai*?riiiiii«^d hy ih*- 

« KCfO,)* f K’€(ti,}. 

by Buitabio clioici* of (hi* vahn j* frum K ami K . lh»' v«'!«M }ly 
eoflrtkinnts. 

Th« catolylji? iM?,{ivity »4 light in d«'r*»injw»«,iijg u^mt* wm 
first Htudbil by !{l•g^•||f'r i" Aim dcr t*by*iik," m, Ktd, I'.KWit, 
who Hhtiw»?il that light of a ri»riiMii waw* h iiglh in ih** nllra 
violttt {lortifin of thii spwtruni, vis?, in tin* r<*gwri Jill I-«'.fill /*ft. 
exitrtmi a vt*ry ntarknil dKowmising aiiiMii, !in4 «<• h iv** 
lUnifuly lUaeiiHSftdl the iiileresting fact Ihai light «»f 
wave k*tigth exerts an oxonMiiii! aeliafi, 
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centrations. On the other hand, under conditions of homo- 
gtineouK illnminalion, when the emergent and entrant beams 
are equally intense, conditions obtaining approximately in 
very thin gas films, the reaction velocity was found to be pro¬ 
portional to the square of the ozone concentration. From 
Weigert’s data it may be calculated that in his experiments, 
approximately 100 molecules of ozone were decomposed per 
(juantum of light energy absorbed. Wo have already noted 
that the magnitude of the quantum hv necessary to effect 
any given photo-chemical action increases as the required 
energy increases, and consequently the photo-chemical activity 
of light is greatf!Ht as wo approach the extreme ultra-violet. 
In the case of the formation of ozone from oxygen we have 
already discussed the effect of quanta of various magnitudes 
on both the oxygen atom and molecule; wo would expect 
that the magnitude of the quantum necessary to detach an 
oxygen atom from an ozone molecule would bo very small, on 
ar4*.nunt of its instalnlity ; and again that the period of natural 
vibration of an ozone molecule, which determines the absorb- 
tive jKtwer for light of a definite wave length, would be larger 
than that for the smaller oxygen molecule or atom. Both 
these expectations are fulfilled in the experimental results 
since deozonining light has a longest wave length than that 
effejctive in ozonisation. Photo-chemical equivalence, how¬ 
ever, i« not obtained as in the case of ozonisation. The 
absorption a quantum of light energy by the already ex- 
treuKily nnstabl*! ozone molecule causes it to explode with 
considtfrable violence, and, as we have seen, the energy liber¬ 
ated during the explosion is able to causa the primary and 
secondary decomposition of over 100 other molecules before 







140 




the <'?iiergy in clinHipaietl into fli** t-uirrrtiinriini^ iii*iliiitii, M, 
BidtmarHh (** Pror. Phyn. Snr./' jy, rPi?* PJl^i r» tin* 

ultra-violet in cleoKoniHafjMn an the i4 nuriii in 

tho ozoniHcnl oxyi^^itn whieli werve an uenireH of hin’oiiijiyitlioit. 
Himilar tohu 1 tn weri'j olitained hy li WhiThiirii P*i'riiii Al{it4. 

2 , ri-l-p PJP'li. He nliliiiin.ni hir llii* 

Bpecifie pliotn-ehiaiiitail nativity hy filling a iiiili’ ijtiarl/ rili 
with ozotriHud oxygen and i^xponing if tn nnlialjeii hir 11 
dciflnite length of tinio. 

The Hpcaufut j)hc4o«idii»niiiml aelivity f|i whh ohliiiried friuii 
tlie ratio— 

, m-... - 

whcjtt? 'K iB thci energy alm<*r!M,til tmm the light m., ai'iil m, ilie 
07a>no corinoritriitioii before and iifh*r irnidialioii. 

I'he rate of denzoiiimtiori waa eaiuiilrited from t}io reiafiiiri- 
Bhifr— 

*1 ' Light energy in gno mihmm pi'-r 
A '■■■' .I«Tiietioii of iighi energy iihBnrti#'**! mm. 
fii (liMUMmimikm n( ozone in ndh 
0 ■ • A. latll iunmimni norrenlirig for the 
iion of iki Qztnm in iln^ mil 

llencai bg ^ ^ t log I^AI r f 

and in the iilwanre of radiation-- 

log - f fr^g fi, 

Ifii obtairird ihti following mlite« for th iip-.'ifir |tL-4o* 
nhniiikii! aotifity with light of wave iroigtli 4 pp. for 
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(hone in ^ x IQB, 

^J*.VSen.0-253 

Nitrogen.0-976 

Holiiim.1-520 

Ilautcfenilk! and Chappuis (“ 91, 702, 1880) were the 

firKfc to notice the inhibiting effect of chlorine on the forma¬ 
tion of ozone, which result was confirmed by Shenstone and 
hlviuiH (“ J.C. 8 .,” 73 , 210 , 1808). The work of Bodenstein 
and others on the hydrogen chlorine combination loads one to 
corichide that chlorine is an optical sensitisor for the decom- 
poHition of ozone. i'\ Weigert (“ l^eit. Elektrochom.,” 14, 
5‘di, 1908) clearly showed that ozone containing small 
quantities of chlorine was rapidly decomposed by blue and 
violet light, whilst pure ozone is, as we have seen, only sensi¬ 
tive to ultra-violet radiation. The rate of decomposition was 
found to kj proportional to the intensity of the light and 
independent of tho ozone concentration. Tt would appear 
that thf! molecules of chlorine absorb the smaller quanta of 
longer wave length and are consequently endowed with an 
exeesB of kinetic energy equal in magnitude to the quantum 
absorbed. By subsequent collision with an ozone molecule 
tins increment of energy is transferred, causing a rupture of 
the ozone molecule into oxygen. Tho chlorine molecule thus 
serves as a conveyor of energy and makes tho medium sensi¬ 
tive to tills particular radiation frequency. 








(’.HAITKlt IX. 

iNOUsrutAi. UKKH tmniK 

Am.U'ATION TU ilVOIHKIC I’l HIHiSf S, 

Thf Hti rilmiHan «/ IVatrr hij O'ltnf, Thi «siriii'nl rAj>« ri- 
ttu thi: tiH0 <»f immf uh a Uir thti 

af watnr wcro uia'li* hy Dts MnriU'HH in 

lit! shownti that «!V«*n tlihu*! o?.rinif«;«1 air wttnitl I’ffi-rt thti 
HtfiriliNatitjn of polluti^l watirr, provitlMti that ifiliiii itr wnita^t 
hotwwtn j4aH tinii litjuiti wiw olfi ukitl. A f* w y«0»r« lal» r thn 
Huhject was«iiiivt!ali{»atwl hy FnihlicthC" hJttkirotiil'm. 

M'l, IHDI), of thti firm of Sipinon* an«i Halwkf, who « rorlfdl 
a Hcmi-kichniaU tjaporitnimtal plant at Martmik‘'iif*»t4. 
Ohmiilhir and Frail (*'Arbeit. Kais. 

the retpicst of the fierman fiovernmtml, the 

process in great detail anti as a resnil showed that o?,on»f 
energetically attacked bacteria in water from winch any 
tsxccBS of inert organic matter had hijen previously rnnovetl. 
Hufficient evidencis as to its practical nhhiy wan ihns at 
hand to warrant a closer examination as to i?a suilabihiy Cor 
municipal work. 

Chomically, oxona is the ideal agent for psiriflcalion, since 

it leaves behind it nothing fomigti in the toalid Wftt«*r, with 

tluf esratption of oxygen, which aadsts in the rioriiial aeration 

and greatly anginetits the palatability of the wakir. 

tlFil 
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For technical purposes, however, the important factors of 
reliability and cost are all important. 

As a result of Prbhlich’s experiments and the satisfactory 
report of Ohmiiller and Prall, the firm of Siemens and Halske 
developed their process of sterilisation with ozone, and large 
plants were installed at Wiesbaden and Paderborn and at a 
later date at St- Maur, Paris, and Petrograd. 

Contemporary with these developments, Tindal, Schneller 
and Van Sleen installed an ozone sterilisation plant at Oud- 
shoorn in Holland which was subjoctod to a detailed in¬ 
vestigation l)y Van I'kraengom on behalf of the Belgian 
Board of Agriculture, and by Drs. Ogier, Koux and Kepin 
(“ llov. Gen. dos Sciences,” Sflfi, 1890) for the municipality 
of I’aris, with the result that an ozone installation on Tindal 
and <le Frisc’s system was installed at St. Maur, Paris. At 
a later date a combination of the Tindal-do Ehise and 
Siemens-Halsko systems was utilised by the Parisian muni¬ 
cipal authorities. 

In 1898, Abraham and Marmier erected an installation at 
Ijille, and in 1904 an ozone plant on Otto’s system was sup- 
|)li«;d to the municipality of Nice. 

Braali installations were likewise erected on Vosmaer’s 
system in Holland and at Philadelphia, U.B.A. 

As a tfmult of these developments at the present time 
then* arcs in operation over fifty plants for the industrial 
stcriliHation of water by this means. 

W<! have already given a brief description of the various 
typ<!H of ozoniwers developed for the purpose of the economical 
prruiHctiott of ozonised air; the various installations naturally 
dilfered in their methods of ensuring contact of the water 
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immE 


with the o/.onisefl air and in the preliiiiiniiry cif 

ilio water. 

Si/Hirmn of EtiHurimj Intlmair (Uoitnpi /irfirrfii ikr 
and In the earlier Sionierw arid IIiilMkr* 

at Wiesbaden and Paderlairri, ozoiiised air fruin 

2i to 3 grainiiies nf azene jM?r tniliie iifiwardu 



Air* 








Wm. m. 

through 0 . tower filhstl with broken flinl ami ni« t ii >l« w-« rul¬ 
ing current of wati^r which ha4 pftHwd throirgh OHiglsnr}* 
filters. 

Fairly satisfactory bacterial rcclHCtion was cffectifd by 
thin mcthnri, the count ranging frrjin t) U) 2 org*r!isi«*i jw»r 
c.c. after ozonisation, and thewi organisriw wcr« cif the 
resistant iiud harruluii B, aubtilia typ<s, lit^onoiuiKalfy, 
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however, these contact towers left much to be desired, the 
cost heinK fibout 2'75d. per 1000 gallons of water treated. 

O’he fundamental point to bo considered in the design of 
a contact tower, viz. the intiirratc contact of every drop of 
water with the ozoniHcd air, was clearly not nsalised in this 
clfiuontary type of tower. Tt is evident that every flint is 
covered with a thin film of water into which the ozone can 
only prmetratc l)y diffusion. Now the rat(5 of diffusion of the 
ozone into the litjuid film is proportional to its partial pres- 
Kun! in the gas above the film and approximately inversely 
projKirtional to the square root of its density. Thus, although 
it is not a difficult matter to oxygenate water in this type of 
tower by means of air, since the partial pressure of oxygen 
in air is about *20 per cent, of one atmosphere, yet in the 
case of ozonised air containing 2‘4 gras, per cubic metre 
the partial pressure of ozone is only 1/1000 of an atmosphere 
and its relative rate of diffusion only^yjl, or three-quarters 
that of oxygen. As a consequence, to ensure sterility, high 
cimcentmtions of ozone had to bo employed and much ozone 
was lost at tiio top of the tower. 

'rrouhlfl was also caused, especially at Wiesbaden, by 
clogging of the contact tower with precipitated ferric 
hydroxide. The water contained small quantities of ferrous 
salts up to 0'5 parts per million, which wore precipitated on 
oxidation as ferric hydroxide in the interstices of tho quartz 
packing. 

Vosmaer states that by proper design of this type of 
tower, n-lalivrdy long and slender in proportion, sterilisation 
can he accomplished by uzing an ozone concentration of 
only 1 gramme per cubic metre, and that complete removal 





ozmt- 


^4l\ 

o! the nzonit in vJhcted hy Kiicdi ii hnvf^*r u'lii-ii mul lirjtiiil 
Hew mtciH are preperly adjtiHied; thm a 1 ft ml in 

diaiiuiier and IVd fei?t hi^ih wa^^ riifuihlr' nl 

IO,IMi() galloriH an hour, one H fVet diiiim-irr iii Pliihidi^'ljiliiii 
dimlt with gallmm }>«*r lietir. 

In till! firni plantB ef Tiiidal and d« 
air anti raw water eiiten ii iiv neparate pipeH al tlw !>■» .■ iuui 
ilowwl ill tin: mnii’ dina-tiini ihroii^’h tin* Hint |•!n•k< d l«nv« r, 
which wuH divided itii intti segtm uls hy ini aii'i fil }>* i fmati d 
metal ur celluloid platen. 


rin, A 

A amsidcsnihle ativance: on this practice wan inadi’ hy 
Otto by tho intniductifin of an einulnilier for ••jHurijo* iidi* 
mate mixture of oxoniaed air and water at th»* b;i«e of tlie 
tower. This emuixifier is construrted on the liio H of;» K'-rt iiij,' 
injiaitor or simple wahir vacuum pump, the water i.opph« .| 
under pressure drawing in the Oi^oniMd air iimler vaemnr). 
Not only was a very intimate mixture of the o//aif and the 
water effected by this meami but by utilisini^ the vanisiin 
produced liy the water stream the mt:e««ily for p impnij* 
oxonised air, which requires piimpa of special rtoi(dioeiif,n. o, 
avoided. Otte's installation at Nice iiiehided a 
contact tower of cement uaing Hbingie m pai-lws;*,, am! 
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opfiratcil hy moans ftf thoHc omulsifiors. The plant is 
capablt! of tlcaiiii},' with r),()0(),0()() gallons per day. 

In thr Osonnif Hi/sfem., which has been successfully 
(i« viilfipoil fitr instiillati<ins of capacity from 1000 to 2000 
gallons per hour, tlm ozonised air is drawn into an injector 
i»y tlt>> pn-i HUH' of tin; water w’hich is of the order of about 
two jitmosplierfH. It is thoroughly einulsified by the injector 
and piiHH’ S into a sli-riliKing tank which is so proportioned as 
to give a eontaet of ahont HO minutes. Tho concentration of 
ozone used is frf»in 2 to d gins, per cubic metre produced in 
thi' Htafjdard tyfas of ozonisers {see p. 120). 

The greatest economy in tho utilisation of ozone was 
effertcsl hy de I’Vise, who introduced a cyclic systom at the 
Ht. .Matir waterworks, where it operahid with great success. 

A iliagraiiiinatic sludch of De Friso’s systom is shown 
below. 



The ozone roiiiprcinor draws the ozonised air from the 
*mmm-rn and forces it into the plate sterilising tower; from 
llui to{> of the ateriliser the air returns to the ozonisers, 
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immr, 


passing nn its way tlircaigh a w^parairir iiricl a dryf*r in 
it coinciH in contact with c*a!ciiitn (•hlririiic, ^vhir'ii in nifiliiii in 
hot weather. A siim.ll HUclion vniv*^ on ilu* iiilol of tlii? 
separator lyliniin fronh air to iiiiiko iiji h>r iln* km iliO'iiigli 
aliBorption hy ilic fitcrilism! watm I1i** fomn'r in 

constructed on the Hc.e.tioiml sy-^it«'no hnill lip ^4 

cnaiiutllecl iron seetiona 20 sneheslong mul M in 
each Bection (tliifre laiiig 30 srctiriiiH in tiii* f^iwi-ri l«iiig 
Hcparated from the others by jierfririilr*d plriir^. 

With a ratio of immimnl iiir to wiiirr of Iwt'i to 
BB per cent, nunoval of the tmnm m effi^cletl in ihi* towrr 
Byatem, the residue being returnetl afO^r drying f..ii lli«^ oxoii- 
isert. 

Pre4rmimmt of the iru-frr.—Kiriee iiirrl rinilli^r 

m readily aiidised by omnv. to carbon dinxifle iind wmy% in 
order to exereiie every pcmaible i*eoiioiiiy in llii! tilili>*iiti«iri of 
OKone, it in neeeisary to milijimt poItiitt?il wateim l#i utiiiie form 
of |ireliminiiry purification. 

The earlier iniitiilIa.tiori»i at Wie«ba4«-rt aip| I*a4«'ib**rii 
were eqtiipped with simiilri rciiigliiiin lilt«*rii itilb |if44i|i^>i 
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i-inpldyi'd aH prc-treatnuaifc. At Ginncldn, in Holland, the 
Mark water i.s Kulijectcsd to gravel filtration, followed by a 
Hand filtiir. At ( )udHhoorn the Khine water is passed through 
si'rtinientalion hasins and sand filters prior to sterilisation. 
At Kt. Maur, I’aris, sedimentation basins in conjunction with 
gravil and sand filters are utilised for the Marne water, 
whilst at I'etrograd the Nova water, which is subjected to 
very hermuH pollution and liable to contain pathogenic or- 
ganisniH, i,H pasHiai through a liattery of mechanical filters 
using alumina ns coagulant jirior to the ozone treatment. 

|■'or the sterilisation of upland waters which arc subjected 
lo sporadic or hi a ional poHution such prii-treatment is gener¬ 
ally unnecessary, (mpecially in those cases whore adequate 
storage is provided by means of impounding reservoirs which 
act a« sedimentation basins of large capacity, Exceptions, 
liowever, are to In; found when the upland water is derived 
from a pr aty or recently flooded watershed, whore, during 
the summer months, the quantity of oxidisahle organic matter 
in th«* water suffers a considerable augmentation and neces¬ 
sitates a Korr*'nponding!y increased dosage of ozone. 

For the treatment of river supplies which are already 
isdhited, awl with the growth of thii riparian population are 
bi fiming iwTcasingly contamiimled in organic matter, some 
form «if pre-frcatiucni is necessary, and it must be cunphasised 
that tie- utility of ozoijein the present stages of its industrial 
nwnufwtlure is iw«l marked when it is employed as a finisher 
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0^4 iKE 


liKHtLTH KmaTKi* iiv iiionr TutMMrsr. 

Tiiii in apptinraiin^ uf tnmiy wjiii-rii nflri* M^uni-n* 

ticin i« frr?«jiif*itily vi^ry hinkmiu nttnlmtnhh^ h-^ liar 
of triMH’H (^f <*i,)!tjiiml rir*|iini*' ri*tnpimti»-h mnl i*-i tlir jirrnti.fii 
and oKyi*e.tmium nllfiTlrti dimui^ thi* pmr.*^hh, Marnhx i#r 
pcillntnd rivtir wliidi. t*i«'nr nft-^-r rtti'vitvv 

sand filiriiiioii, art* |jr«)Wii tir in v.^lunr, iiiiil 

ganc*ral!y flat and iiiHijiid* aflrr ih^-y i^rrs^in* 

bright and sparkling, giiiii*rii!!y roloiirlr^^^^ or n fmiit 

bluish tiiii 

Thi^ ptiysieal art* t%e.emnpm%wfl by riir:iiiir‘iil 

ehangc^s nrt Ii^hs imirkid iirid *"lM.rnrirrif4i*'' «if liir jir<,r4ir*, 
thus tlm t»xyg«m rnriHiinur-d ligiin? df‘lp^fiiiiii«‘*! ly, ilic” 
iinm pnriiiangiinai*? uiidnr sliindatd roiidilsoin. oi%ii.:il3y at 
W Cl in iinid sohatinn/ m n^nally n-dtinnl from :mi h$ 7i.l p'r 
cant., a» is indicatcid by iJm hdinwitig fignrr'a ' 
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Thii (luantifey of org»ti«r by ih.- .m in 

dicated by the diffen'oce in the nxyt^mt coij«»o»««'4 n 

natumlly vurks with the thr€« factor. tl«- «4 i!.- 

orj'atik matter, the conc?eritr«tion of the M^ceir, Jh- leie- 
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of contact I)( 3 twe(ni tho ozono and the water. Thus S. Eideal 
(“ J. Hoy. K. Inst.,’’ 30 , ;V 2 , lt)Oi)) found at St. Maur the 
following' diKtrilmtion of tho ozone at two different gas con- 
ci'.ntrationK:— 

m (Jm-i, /Vr ('nMm Melnik in 


l%iiU;?ritig itir ..... 

. 

. I'OB 

2-65 

I’;iiluring wjilrrf ..... 

. 

. 0-f>79 

1*071 

Ihft air . 


. 0*1 a? 

()*291 

Eri'apiiig iii in thn wafctir 


. 0’04B 

0-162 

HI Dxiili.Hlsig cirgunlfj maiter 

. 

. 0-4.04 

0-618 


(hn$. Per Cub, Metre, 
for the wator untroafeod 

(froiiiiMdcl C.) , , . Pin M2 

Oxyffrii ((*t the water feroftted 

Ifftiiii KMiiO,| at BO'" C.) * , . O'Bl 

Douroami 0'4B 0*51 

^ 28 Z ^ 45 Z 

During these cxperitnentH it was noticed that tho dissolved 
«izonM loft in the wahsr after it left tho ozonising column dis¬ 
appeared after a few hours, and it soemesd probable that 
nsidatioii e)f the more resistant organic matter was still pro- 
eeitling, 'riiiM was confirmed by tho determination of the 
imygen coiisuined figures from time to time. 

'i'wo typical tests giving the following results 

Oaspgm Comumsd Grm, 
Per Guido Metre, 


FIliwml mikim 

.... 

1-78 

1*12 

Mter fimtiimtimi . 

. 

l*iS 

0-61 

Ilfi» hmt Him 

. 

MB 

0*68 

f wii kmm HUf 

, 

0-00 

0*51 


A cornisfmnding decrease in tho free and albuminoid 
ammonia takes place simultaneously with tho roduction in 
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thtj oxyf^iiii conHuiiKitl hh Ih Blinwn from thi* iijvi Ktii'n- 

tion.H of Vail dor Slcon on tiic K» iiir wator : 

. J/fr'r, 

Fw Mfimi.tiiii .... 0 J't. 

Allmmiiii'M nuimt'iiin . • • 0-h'tit » !-!• 

As in tin* caso of tin- ors'ani*’ mnlli r in Us*' wati r. a 
marki'd reduction in ttin inunhcr of Imcteria taki • jtisici- fn 
common with othfr {;('rniicidcs im si lcciivc in ii« iiction 

on inicro-or^aniHinH, certain orgiinisinH hcing more rc»aHtant 
than others to its action. It no happms that pathogenic 
orfiauisms which arc already cnfccldral l»y tlicir nnsnilildf! 
environment arc i-asily df-stroyed. whilst the rion piiihogcmi; 
sporing organisms, such as 1$. stihlilis, arc fr»«|ucntly found in 
ozonised wah rs. 'fliis }ioint was fully invesligah'd hy tiito 
in hift ftxprimcnts on the treatment of the Heinoand Vimmd 
waters. 

I In showed that all pathogenic orgatiisms and the follow* 
ing common hae.tisria which he isoiatcd were rapidly reinovi»d ; 
thesfi incliidwl It. flut»r«Hc*‘ns Htjucfaciens, It t ali. It icrmo, 
B. proteus vulgaris, B. prodigiosus and Aap« rgillus niger. 
Morn resistant were B. auhtilis, H. iuh us and Benicilhnni 
giaticum, which only siiccumbcd to prolonged trealment with 
ozone. 

Carnlfitle showed that I jillo iiistallation efli«led an avrr«j,:rf 
reduction in tins haotcrial pollution of the water hum 
per c.c. in the untreak^ water to 10 c.c, in the treated water ; 
these latter wer<5 found to consist entirely of the Ji suhtih# 
type. Thewi conclusions were confirmtid by B. Ilideal in Iris 
invostigntions on the Bieraons-dc Friws plant at Bt. Ilaur. 
In the filtercwl water, prior to ozonisation, B. cob ww twiially 
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pn-Hont in 40 c.t;. of water and occasionally in 20 c.c., whilst 
it WiiH ncv«?r foniul in thn trcatfid water. The 20 c.c. count 
w.tK from an av<‘rage of 74 to T1 per c.c., which were 

found to 111 ' Hpore-hoarinfi organisms of B. suhtilis type. 
Wliilut inirifioHtmn can he effected hy the consumption of 
u-.i;; oiuH, of oytone per cubic metre of water, the OEone 
KoiiHumption per cubic metre, of water naturally varies with 
the ijimbty of the water to he treahid, the economic limit 
appi'Hi-ji to lie in the neighliourhood of 2 gms. ozone per cubic 
metre of water. 1 f, liy preliminary testing with permanganate, 
It is found that more than this quantity would bo required 
tin n fiome. form of jireliminary treatment is essential for 
iToiiomic op'ratioii, 

The Purifiration of Air. 

Heveral typ;H of apparatus have been designed for the 
th<’ }nirifii:»tifiri ot air in confined spaces, such as theatres, 
b^'turo balht, slaughter hmisea, tannorits; and breweries, whilst 
t sb iidi «5 u of ozonised air has been made upon the Central 
l,<indoti liailway systciiis and public lavatories. 

Allhoiigli the iintimnity of the motor drivers on the 
liomlon Tillies during the recent epidemics of influenza has 
Hom*'whiii rcmarkahlc it is more, probable that this must 
U* attributed to this nniformity of temperature and to the 
I ireuiiif mn of tins air rather than to any specific action of the 
ozoiii: in the mr. 

The evidence for the spiscific utility of ozone as a means 
of purifying air is somewhat conflicting. 

jiewar and McKeiidrick ("Fogg. Ann,," iga, 329, 1874) 
i^h iwed flint by tim inhalation of strongly ozonised air the 
freqte ney of pulsation of the heart is lowered very consider- 
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al<Iy, Uin lilofid trunpomturf* nink'S frttm tn , uKid p-fi t 
laorti'iti (txaiiiiniitiitri Khowad that th« hlamil had 
vanouH in fippimrancf. Thiniarii (•' (‘.U Ba, iri*. and 

Biny (" Bh," 20 , 721 , Ihh2) canfirnn d tie h« oh > rva- 

tions of Dovvar’s, Kohnlt/. ("‘Arch, f. Kxprr. Bath. u. llui,," 
29, IK‘.) 2 ) rcconlB wviTa! oiim'H of rJirfa»i«- pm'ioniji|> hy 

ozono. Jordan and Carlson * ("J, Aiwr, Med An^#* Ai, ltM» 7 , 
lUld) tamfirtnod tin; dfodorant iudi«*n «tf on air l^iil 

showod that lonjt hefor** tin; Koticoiitratioiifi r« arJint ih«iH*’ 
necejHHiiry for gormioidal action injury wii« i'atj'«*d to th«! ron* 
piratory traot. 

Tho lowest oornauitrations of ozotn- in air whirl* ran 
oxort a fhdinitt' ilisinfortintt aoijotj sHrhuH?!, “ Xril ( Hyif.’ 
7ft, IHPO ; !in«i do ChriHtinas, " Atm dr I'iiitl I'asp nr," 7, 

IKOd) appoars to ho in the noif^hhourhotffi of Kt ft.'j mgm. iier 
litre. With such contrrntratioHM sterilisalion rati jihiifilly la? 
fifTecitod in air, hut th« prowmec of laritfHjtiantitiiJs *tf moisture 
lowors its gormioidal activity, Art^ordiiij; to Baltb* and 
Oudin (“C’.H.," 113, Ml, Inpi) tln» hiRhrst (ronpentration 
which may bo inhahtd without deleterious w approxi. 

matoly Oi I to 0'12 mi^m. pr litre 

They state that hiuirfidal results ohtaui hy the iiihalalion 
of ozonised air of this concciitration, a marked iner‘'as«'m ih«* 
oxyhtomoglohin contact of the hhxal taking place af!<-r an 
interval of from ton to fifteen ininut«s. 

ft ia thcroforc ovidimt that there is la* i f 

f'crmidda! activity in ozoniaud air of concentraliom* sndahle 
for respiration. As a powerful iisidani it donhth'' ri io'Wrt, 

^ luffimrf Hill Eit4 Wimk f* ^ Mill » 

c?#»t#tittmlkio of 1 In 1# ©f WMm imi-wlr4» c^f i 
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tracf Hdf hyiirn^tim siilphidt! atul other impurities in air, 
wliil'St th*‘ !iiijt!cas!uU Kinells associated with crowded places 
an' uiwiiJihlr: tn tritatnHsnt with oxidisinj,' a^fenta such as 
ii/.uuc. li i'i aniui'what reinarkahle that moat odoriferous aub- 
KtjUH'f-a fisiilain misatiirated valencies and as such would 
naturally he attai'kcd by imsana of ozone. The odour of ozone 
ill it elf wlu-n very dilute is by no means unpleasant and thus 
providoh a etuiiiter irritant to the olfactory organs, a matter 
of jisyeiiol'ieical iin}x»rtanci! if of no physiological significance. 

Tim I110 of ozone even in dilutions of OTl to 0 T 2 mgm. 
per litre liiiH frequently been eondomne.d on account of its 
HuppoMrd pbyaiologieal activity, in many cases crronooualy, 
s»iiu’e, tinli' :4 the u.HiiiU precHtilions such aa drying the air and 
the avoidance of ; parking am taken in the preparation of the 
ozoiutiij:! air, oxides of nitrogen are liable to he formed which 
have an e.xlremely high phyniological activity even in extreme 
dilutions. Hehwarg and .Mitnchuieyur (“Zoit. £. Infekt. 
Krankh," 7 s. ^1, I'.lld) investigated in great detail the de- 
wlorisiiig action r»f Hinall eoncentratioris of ozone in air ; they 
oba« rv. d Ibal hydrogen sulphide Wits rapidly oxidised, sulphur 
dioside fibnvly eonverti'd to sulphuric anhydride, whilst the 
mercaptaiis, Hkatoi, and indol were oxiilised to somewhat 

ple;i**aut tsiiielbiig sulftlanecs. 

t*arbon monoside was but slowly oxidised whilst ammonia 
wa‘. »<ti aib . ted {•’ranklHi ("fV. Int. Congress on School 
Hygiene.” I'.HKjand Uiemmfeld and Kgidius (“ Zeit. Anorg. 
rhem..'" 8 s, 217 , l *.11 If cotilirmed these olisorvers' results on 
lli.i a» tj»«i of ozone on hydrogt'ii sulphide. This reaction 
«a<v Itiudied Hi detail by Enmetifuld, and it was found that 
esidayon takes place through a series of intermediate com- 
jK,iiiid« aecording t« th*s following scheme 

















ir,n 

^ hyjKKtilplHif!•. Hu!|4iit«* 

Ruljjiiitif -> thiiiftiilplrntf'' 

*'* {Hjiylhinli:*!*'*-' 

-> (litliioimtcH snlpliatr*. 

till! f^ifrmiinilal ariiAitv'if hi }iSr«!MH!» 

which exert lut iiijuriotei lu'tinM «in the i< »j<jru!<.jv *<r;'.’Ui=i ei 
jti'iieticHlIy iieclijiihle, yet n« h’Mi l»cen Hhrjw ji hy I *ih4* ij 
KteriliHatinii iMeiTeetci! hy u/ifiieeitioji of air, .<» jieisK* 4 t>', 
ductinii iiiohtaiiieil iii the ImefcnMl einiist «4 lh« sir whh h haw 
actually paKHtal throuj^h the *»zi»ni*.er. ’IhiH air, w hi*li has hi a it 
relatively struni’ly anil aiil'jwtleii ih» ultrir-vials t 

nuliatiim in theoj'.niiiser.ia jiraclsenliy wlmle. ainl ttemiw*|Metit 
iiiipruvenient in the haeterial j«illuti<»n nf mr whn 1» ht!* h»-«'H 
aihnixwl with thi« piintr air wii« imlnfally « xpeeted a«4 its 
fact olttiiiriesl. The lar{*e«t ».yi.l«*iii of nir iHirirnatioii hy 
moans «f mom i« that rsf the Centra! Isoinhin Itiiilway which 
is ctitiippeci with air sertama, wanherst, anil njioniHerH of the 
0?.onair type. The iiital air »m)»j»iy treated for ihi« syi-tem 
bwinii Ilf tho sirder of eighty million cuhifi feet js-T day. ’I'he 
average iJontMsiitration rsfi>?!isne in the Tulw «ir w »»f the order 
of ones part in two miJliona (1 ‘i iiigm |K*r • sihsc metre; whirh, 
umlcr K|»!cial circmnatancea, it s* »tate«l that it w sf»?re*«e«l to 
ltv« parts pi!r million (1‘2 mgm jii':r eijhse m«*fr«d 

Tho installation on lh« tleritra! f^ondon Itailway wsh «» 
successful iu ojufralion that thcayatem of venulatmu hm, hi t n 
ostonded to practically every other Lrmdon Tnln. 

Hurgical and Thtmjwutk thtt «</ (inmr. 

During the period of the war ainall psrtahle oj'iotwets 
have teen in ««« in imttyof the wihiary !»<»». pit it I 4 »4 the 
nations for the treatment of wounds. Major Hioke*,, id the 
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Queen Alexandra Military Hospital C Lancet,” 1918), de¬ 
scribes the following method of wound sterilisation which 
appears to have given excellent results. Wounds and sinuses 
are washed twice daily with boiled water and a dressing of 
oxy gauze is applied. The ozone (ozonised air) is applied on 
the wounded surface or on to the cavities and sinuses twice 
daily for a maximum time of fifteen minutes or until the sur¬ 
face becomes glazed. At first ozone causes an increase of the 
discharge of pus, which is gradually replaced by clear serum. 
The serum at a still later stage becomes coloured reddish or 
purplish. It was found that ozonised air applied in this way 
was a strong stimulant, and increased the flow of blood to the 
affected part, that it was a germicide and exerted great powers 
in the formation of oxyhsemoglobin. A record of seventy- 
nine cases so treated is given, in which the period of treat¬ 
ment varied from a few days to three months and was in 
practically all cases completely successful. 

Curie Practitioner,” 864,1912) describes the application 
of ozonised air to the liberation of iodine in the lungs for the 
treatment of phthisis. Potassium iodide is introduced into 
the lungs by ionisation, and the iodine is subsequently liber¬ 
ated by the inhalation of ozonised air. For disinfection of 
the intestinal canal in cases of enteritis and dysenteries, 
Lessing (** Lancet,” Nov., 1913) records the improvement 
obtained by washing out the intestinal canal with ozonised 
water. The treatment of ulcers and pyorrhcea of the teeth has 
been successfully accomplished with ozonised air. Ozonised 
medicaments and ointments, such as vaseline, have been stated 
to possess a superior curative value to those not so treated. 
Ozone appears to be dightly soluble in these semi-fluid 
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liycltticiirboiiH, Mul would imlnriilly %\m^ a 

giirriiidclal lu^tivity. ih mti - !^i ?}i#^ 

(:»xti'iit fd th*^: hohiiiiiiiy of ill aiid Iai4‘^, 

or howloii |4 fJio HiiliHtiiiita* rf'liiiiiw miy i-^-niii^aaaJ 'i^ fn-ity 
to iliHKolviHi i:*zoiio or llio *if nuhliilih- 

Ah liifcH iilrrwiy boon iiiriUionrd* llir aoii^sfi *4 /iiniir' 
air ill Htiiiiiilidiiii^ tho jiroiiiirlioii of M^y}oioiio|4o!iiii haM lisrrii 
HiiccoHHfiiily uti!ita‘d fur i!io irral.io»-*iit r4 of aiitriiiui, 

whilnt itH applii’iiiiori ill wlM'^ro fbrro pi ii ^liorijior^ nl 
oxygon iiliHorbtfi in ilu* HyniviUf siioli im in ii.‘#liiiiia o^r lioari 
wcmkricRH, in md wilh*:iul lir?iir;fil, 

/f/ip/i’ri'ifiVois /or lilruelnmi l*nriMmrx. 

ItoilXimu C‘*C.U.d7S, lioillol ('‘fV.li,/' Hii, 

1187, lB7o) nliowod ihat dihtlif mmmrd air | 111 

coininoii with riml hminiin-, lln- jj)'up« rly '4 w IutIiv**!)’ 

oxidising tho oalauring iiiiitUtrs pniKi-nt m vstriMiw lutltirnl 
8tibj4truic«». OxuniJ aptH itrs t<» !«• iwi-n ihiin 

nitht-r thbi'ino or hroitiirio, wifirr* not itnly fii*- r of 
forming colonnnl Htihstitntinn c.hloro" »ir hrom»» (h'riVHtiv*<s 
avoidctl, hilt tht; oxidising iwjwi-r of oxotio gr««ill> oxr< ttiai 
of clilorims or liromimt. For this r»«n««» only v« ly* 
conewntratioiw of ozom; may 1 m» for hl*'a<-hing 

and many wnsuccnssfui reauUs »rii dirnctly allrihutahht t^i th»i 
employment of air relatively highly osmiiined. 

Fibrm. 

l/inon and cottow good* ar« akwly aWaekcd by mma 
(“ Kolb. Hull. Soc. lad. MolboinM},’' $U. HI. 1 Wihs, and m-» oof* 
ing to VVitxC'Ball. 8oc, Ilowii,'* ii, Jitw, m th»t 

prowmcc of moistare, oxycelloiiaie in formed. 'ri» Bubjecl 
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waH rinrivt-sti^alwl by (’urmingham ami 3:)or6o (“J.C.S.,” 
103 , 1:I J7. concentrations of ozonised 

Dsysi ri rib to ‘25 s 4 jns, pi-r cubic metre). They showed that 
an lisyfiiluioHc mitl ci!llul<»Hr; pisroxidc accompanied by a de- 
Hlriictiuii of till' fibre were jiriKluci;d with the liberation of 
carbon «!iij.x!de. 

I 'nbleachi'd sampIcH of cotton hecamo white in from one to 
two lionrH, but when dried the fibrcj was found ttinderod and 
dusty. .1 ute filfn s wi;re likewise rapidly bleached, but became 
acid ttiid tender wlieii subjected to a similar treatment for a 
few bours. The cellulose iM^roxide affected a photographic 
plate, and possessed oxidising properties such as the liberation 
t*f iodirii! from potaMsium iodide. In the presence of water 
liydrogeti jn roxnle was formed. In gcmoral the action of 
nmmi on relbiltme ciosfdy resemldes that of ammonium per- 
SMlphat«'t" I ht?.. ('betii. ^lleit.," 31 , Hdd, 1907; " J. Prakt. Chem.,” 
78 , •t ut, I'jlh), arid %vith more diUtto concentrations of ozonised 
air bleaching without snlmctjuent tendering might be ob¬ 
tained . 

The application of ozrmisi*! air to the conditioning of tex- 
til«> inaferials t« stated to Ik! csiitirely successful; exceedingly 
dthih? concern rations of oxtinisisd air are employed, and under 
f,sjitablr (•« aid It ions of humidity the {wsriod of conditioning 
•can li.» reduced from several months to a few days. 

(Hl», Fait, and Waxe-g. 

The applications of tho u»o of ozone in the oil, fat, and 
wax inilttstriK* are very constdemble, the reagent being useful 
for a gr< at diversity of purposes. Amongst the more im¬ 
portant of the*® may bo mentioned* 









ti/.HKF, 


Ifi!) 

J. Iktiirtvftl of otlfiitr, flfivoiir, rtinl rojotu- fnau aiid 
fatH inf f'ni1»«i for oihl)!** pnrjMwoH. 

2. Hli’iiohinf* arnl roliniui* «if uilti und fulH for n* m tin 
8oap itiiioHtry. 




A, Mr &m§mr 

S siftfufi Utmmf 

€, AiF Pirn 

0. Aif 

H: 

i, CtW Air M*¥mf P*m 


m tilt* 


rm. 91 . 

;i. Ifhiaching of oil* for |>iunt and v«rnwh-M»ki«g. 

4. H!na(!hing and rofining of waxi* for m** m tlo- nmnn- 
fact tim of candle*, poliahoN, and ointwwtota 

l« the above iketeb w given a diagraiaiaatic arrange* 
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of ft hlciachinj? plant on the Ozonair system. The 
tffmperaturijH at which aeloctivo oxidation of the colouring 
matt'T nr ohji'ctionaliht odoriferous substances in the oil, fat, 
or wax commences, t!j« conciuitration of ozone, and the period 
of action naturally vary with the nature of the substance 
treated tmd the degree, of refining required. Generally a fairly 
dilutt? etmciaitration of ozrme at not too elevated temperatures 
}i.a«mni thruugh tlie material for a relatively long time gives 
the hest results. In certain cases it is found advantageous 
to add small «|uantitie8 of catalytic materials, such as salts 
f»f rnaiigamiw, vanadium, or cerima, to accolerato the process 
of osidalioti, 

I’ho application of ozonised air to tho bleaching and 
deodorisittion of oi!«, fats, and waxes is well exemplified by 
lh«! hdlowing list (see |»p. 162 , lOd), in which a summary is 
given of the effect of diluUs ozonised air on various com- 
iiifircial products 

Appttmhm in Ihf. Paint and Varnkh Industry, 

As has already been obw«rv«d all tho industrial oils and 
waxes readily undergo partial or complete deodorisation by 
frw’tiotml oxidation of the coloured chlorophyllic constituents 
utilising ozonimwl air m oxidiaing agent I'or the production 
of clear and transjiawnt vamiahes this is a matter of some 
i»l miporiaiii», and the aso of ozone for thie purpose has 
l«ieM frequently swiQiwted, 

It would apimr that the use of ozonised air as a substitute 
for »ic«liv«s in tho prepwfrtion of drying oils is already 
out of the oxpriniental state. It has long been known that 
ih** drying of oils w a prooMS of slow oxidation and poly- 

wcriitatioM Lipport, ** Zeit. Aogew. Chem.," iii 412,189§; 

II 
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Hliw^hfs «iwily, Afe the «atne time 
thf! wkntr U much improved, but the 
jdmia«’iiirktio odour nbiU remains. 
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Hlea»‘.hes eaully. At the Marne time 
tiN! odmir m inu«*h imfiroved, bub the 
rimmoterktie odour still romaini. 
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imsily. Odour is much im» 
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* Hlitar.hes fairly easily m^mnllng to 
f^rade or tpiaUty, but requires iubso- 
troalmeut for deodorlsation 
mid improvomoi’ii of ilavour. 
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i thrnmm 
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Tht*m are at t«fi:4 twouty wcdl-ktiown 
rnfiiiriorrial viirlcitkw all of which 
liiflereiit chara<;toristies, and 
res^fKaid to the trcafcraeat iii varying 
\ degree. Horne are bleached eriMrely 

I iiy o/Hnif, others only pfirtially, so 

1 rcqiiiring srd^eqiicnt sun triatment 

5 ill rim ordinary way. Oontrary to 
i i^hat tftighi bit prcMurnotl, the dark 
j variiilicii, miicIi m '** Ctiba” or ** West 
^ lndia!i,** give llii best, whereaM thi 
! lighter varitto may givti the least 
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U%% mhm ftfii tmtli rftf|tilwl, 

l\ |i*,4 lhai lit^lil«| fttitl <k*«lr»ripilii^ olli 

fcf I !r«# k% 4A4^ |l<lf|^W"# «f f«#r tif t)l or,i#r4kiMl air, 
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mh-) iim imlitttiii willi iapurliimtiditiiiiin, fiilluFi 

r«#iii immtmrn. 
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WcgiT, *'lU’V. I'Vtt, Harz, IhiI.," 4. ;n*l. I '*!!’.*) A. 
(lentht! (“ Z«il. Angttw. ('hi-in i4>, ‘IWl, VMi*< , wh < inv* i4) 
gat«!i! th«* proc«i«H in lUitfiil, sIimwwI liMit ih*' K4'» 

cttttiytic ill charaetw, or that tin* ra!«! uf »)f tl**- <»i| 

aftitr a tiinci wh«’n x ha4 aJri^fwIv {»•<'» <1 

givcin by tht? t!(jna(ion ^n(» + /j. wIk h? h an<I h 

wim' tht! initial c»»»milrat>f»n« nf lini«r4 »<i! nitiilyKt 
originally firewnit. l*’Mrtli«r osjw'riinwni* {<*»"•> l'*n|f|«*r 

and W»!iM>’,tM»rg, “C’houi, ymil.," xj, U'.lil, HfKij H,hir.v«*4 that 
thii oiitalytic inalt?rial aaturaliy mmtf form of 

urjHtabk? pcfroxitln which accclorated the MXi«l«tiou of iloi ml 
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stabiliHi'or uHHiHt in llui formation of tho auto-catalyfcic per- 
ositii*. 

Jilontiioil r» NtillK art* obtainotl with the use of ozonised 
air, thi; !>il8 ran Iw loisily thickened and the process conducted 
at lumdi l«(Wfr ttnnperatuna. TjinReed, Chinese wood, poppy 
w« d. riijw, and aiinilar oils, rapidly thicken at comparatively 
l(»w ti^rnpeiatureH (tipwardn of .‘{5' C.), and at tho same time 
thedr KoSour isinurii iniproved hy selective oxidation of the 
eoloured ciillstitileHtN. Bleachiiiji usually procoeds anterior 
to the thiekeiimg jirocess, consequently an improvment in 
colour may he obtained without drying tho oil. 

idnsia d oil may readily he thickened to a syrup or to a 
jelly for tlie mamifacturu of linoleum; Chineso wood oil 
likewise rapidly undergoes oxidation, whilst poppy-soed and 
ra|s! oils thicken less readily than linseixl oil. The utilisation 
of air in the oxifklion of linseed oils has naturally 

k«.n extended from th«* simple preparation of drying oil to 
the drying of the oil in its various technical applications, 
wirh an Itnoh «im mnnufacturi', this preparation of waterproof 
inrnt. riiil>». thsh n. ttiiig. and other sitiiilar manufacturos. 


tixtmr in th* Ftm Clirmiml Indmtrux. 

Till* oxidatbti of or^nic substaiicea by means of ozone has 
lie«'n thenuhjcct of niifiiurous investigatois. Carhoa monoxide 
is rifiMlily oaidtsed to carbon dioxide in tho presence of moisture 
iriammMin. "CM!.;* is«. m% 1910), but only slowly when 
the gaiica arw dry (Itemsen, ** Her*, 8» 1414, 1875). Aide 
hydif* mm readily oxidised to alcohols; idlobenzene to iodoso 
fu nzerje whilst the Rsturided hydroi^rbons iheMelves are 
readily allackf d at low tempmtuim Thus, methane is 















l.«’]«iw I*HI i', n runJur.* .4 
fiirinaldcliytl** arui fwiiui'.'ti’i*?, (•nisiuisu “ .1 * ^ 

JlMMi) liUM nhiJWii thtti }*r«4!iiil hy4r»is>l!»ii <}i I <»i}« 
atom takra plai:*', thi* tromupoialiiiif »Jc<i|»<4 s * Su .s 
wliicii i« thru i*xi4iM’4 rM|ii4iy l« tli«? iii4« hy*!«- 

iu;i4. Siihwijiii!iitly hIovv iai4siliin}i S«» lli«' m. nI 

4)11 

Ufl 

-> <* Mil 

Mil ( MMll 
Mil 


Uarritin (*' Anti,,” J74* that o»t}4s.|i«ai 

procet:«l« ihroni'h int«'riii«'4iary f<triimli«»n of inift{j|}4«! 
|H?roxi4i-H. (>.{»., t* t‘H,M - O, aji4 ««»5 thronuli 

a «4 mwtsil>|p h|’4r*istylaU«>nmm |»y 

CtetjiH! is fituliitg itiany apjiln^fttion!* an (inidiatiii* 
in thii finw chtsTOwal Ii h«a Iffti 

nmploywl for Iho prn|mr»ti(»n *4 wvoral l»r j« rfnni* a, 

Kiich UH thi; niitthyl nUirr *»f j*yr<i«*’.itwlifil<ii-!iv4** MamlJitii, 
(hnliotrojwvi, and aUir )iy4<'; |!t«« iiiiimiSiK lur*! 

of vanilliti Uciiiid iw:miitpli»«iii«ri «i» a vorv larjo- m rran. *-, 
Amiiridtt, and in thit* country. 

Vanillin is pfKjmrisd fmni e«j|«o»,l acrntdin}* i ,ili,: Utttuw^ 
tug schciiKj 
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th«> iH-iiiu “sidiwd by ozone b> vanillin and 

af*!tn!i!i‘h5’4r by rupfiirc nf the double bond. 

fo 'IVillal Ibi! iirofieHH in wnducted as follows: 
Kui;< ij>d !H r,mvi rU‘<l into i»o(!U}»«nol by treatmonfc with 
r.'UiHtio jtotftHli and aiuyl alcohol, from which solution it is 
bbrniii'd by Huljduirii: arid. 

Ab««it '.t'» litri’H of i*(o«’U!»i*nol are dissolved in accstic acid 
and snbiccird to a tsnrnmt of oztiniscd air (‘i to ‘2'/5 gms. 
js-r cubic inotrr lfor a poriotl of six hours at a low toniporaturo 
(ru, 2‘ (') n» an maiiH'l-litiod vessel fitted with a tall recti¬ 
fication column, Wtiofi the oxidation to the aldehyde is 
t'omp!«‘t#’d the at.i'in' urid is removixl l»y distillation, ether and 
Kodmm hi<*t»l}>hali* are adib d and the mdution warmed toBO’C. 
Th*' hi«Mif»hal«^ ai«l«>hydi< eompound is washtsl with ether 
«lr«-oni{i<»s* il with i.u!phMrii! acid, and the vanillin finally ex- 
trafdid with eiln r. 

In a simsjar mantier lii liotropin is prepared from safrol 

ttcr-ofiluig to fli»f rfjUaliwm*— 

fif, ril - «‘H, t‘H ~ C'H.t'll, 




" ^\()v 


'riic %aff.4 lu e<siv«ftcd mill taosttfrol by heating with an 
ttlruhoh. fwiluiwn of caustic potash, from which it is subse- 
tpo'iitly • xifsctcd by means of i^her. For treatment with 
i‘t* in the case of isooiigcnol) it is diwolvi^ in acetic 
acnl bow wbicli I bo lialiotropin ta wtcovewd in like manner. 















not appottr to havo rijcftivisil my I'Xtoniivw fi<rhj}}tiil »| 
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Atiisaldfihycio cm bs projaiml m a Minilar ijinninT i y tli«' 
oxidation of »n«4ht»l • 

CH tUI.t'ff, 1 H .c*!i «*», < H** 


ossonidiiM' 
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which on the ttubvequent addition of water uod* r^o dero«». 
poiition to keton«« and bfdfogen peroxide-*” 










i.Mii'HtJu.vt, i;h!;h of ozoni’, 
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>e . v< 

o o ’ 

'Hr' 

'Hir HO' viwiifl, ttily 8uh«tanc(m, highly 

»*xplosiv«‘ and a juoiftratittg odour. 

In fomtmm wiih >mmn Uioy affoct a photrjgmphic plato, 
altril>ul.ihl«T to ill*' «'h*'iuioluii»ijios»:i!i)c»! {H'oiltuu d on oxida- 
liurj rtf « rffiuiiir matl« r by mi'ams of osuiiKf (wo |>p. H, Ifdl). 
d'ho o;tJiinjd*'tr bidiavit likn jiuwi!rl»il oxiiliniiig agcnU them- 
iikiti to lh»’ jjiToxulow ju idirtuiioal f«duiviour in that 
tin y Idr-arh ldr«?rali! iodiiiir from potaHriiiitn iotlidoiiiid 

roai't wslh p'-rinanganuto. 

n« itiozointb* nr o/,«ibonz»’ni% imrlaiod by Itenard, is 
a rr"!»i«voIy utabb' wib<«iaii«'i% naHily produc'd by passing 
s»r into dry Wtmm*, from which it w precipitated 
a« a ,'im*»rpho»w product. It oxjdodr a soninwhat 

vioJ.'Ully r»ij ilie ii*l«l»tion of warm waller, 

(lion: a«}d, «»tb«’r wh«ui di»wd»fcd tn acidic acid (Harries 
ami ’rimmn*. " llor,“ ,w. ‘iH, H, IIMJdl, or when treatrsd with 
oif.<mi!!«'4 «ir a fciiiojul (Malmari and Honicini," Ik*r.," 
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lilt- Maiiu* tiitji- (!!iirri« ij, " 4,1. *.i i«». •'f i , <f,n . 

H, hiitylctiu yirUln t.h«- <*31 ■ - 


(I; .C'il jt'lf, * H <il f li,j 

b, i “i i 

Ci) I H <'H, 

aw! \ , ' 

u, 



cy«lu p«‘nten« I'xhilutNi a t*imil»r Iwliavimir in that I w>i « 

and twaoxn/.wiidcs arcs {«iniii»i on oxiilaliaii < JIarrw**, *' Ann 

4. 4UU. lUlii). 

Harrica (/w. «’i^4 attributed lh«* biriiittUnn nf f»a<ii5tinid«a 
to the jiriiwiwwi nf i»xtji>ionfi in tb« o3tt»w«t«4 oxyjj'ni wbu h Up 
jKWtnlati'tl to Iw jiruHoiit l»y analyaia, piniiloyinit tli*‘ so.1»«Ip 
nmtlwil «jf imtiiiitttion. Th« »'xi*itMncp of «i oju»ni»n*»l 

air or oxygon h**, bow«!V«r, not \mm rjmfmtiM (sk'*- p Ih>) 
and Kow« other •truetarai fomiula iinial* c«inMt*}ni ntly, lx* 
adoptial for th« oxoJionidisJi. 

T!h! ozoniaatwo of mbber wan first alteiiijdfd nmm tvM«. 
fully by Wright in li97 C'lloll. fte. €h<ii« 11^, IMi'Ji, 
and w:w aitbsm{tt<intly inyeattgatiid in great ilntail by 
anil hiH co-workers, f^nghdd and II«*?ffn«r. in tlip of 
chtrirlafing thfi a>mpl«* •trueturu of tbw iwipr* lu- pnlyinrr, 

llurriiw {“ Ber.," J 7 . 37W, 1904) o»uhm'S rnbU* r by llu' 
following procednre j Oisoniaed air, w^htd with ««»tic «»d» 
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;iii 4 - 4 il|i}iiiri^* »rit! ir> rtiiii.ivi* ttm oxtYMnw^ containing from 
Ti la l‘i jt* r , af *ifyHUu in laiHHwl for ton houra into a 1 per 
1‘riii n.i/iiiaifi al jiarifiatl riil 4 )or 111 cltloroforiin The end of 
ilir 1*4 iihcurtiyiii^d hy the deeolcmHatiori of bromine. 

1 lii’ ii/.aiii 4 a in hy i*vaprmition at C. in vacuo, 

|tn-iiilr rrpri“ci|*iliiliiig from lithyl actitaie by petroleum 
riliri’ III tlia form sjf m thick nit arilklifying to a vitreous iimBS. 

i«* ^ioltibli! in elityl aef^iiie, tmrizene and 
aic.^ 4 p 4 r'%|ibiHivr niitl like mmw it aets on a photographic 

Aioiivfii^ givcti llit^ eoinpoaition C 49 per cent*, 

11 ^ hit jiml lh«* iiinbmilar weight about 52 ( 5 , corre- 

hi the cri}i;i|:ifintlfi"-« 

A' ol i 2 jief cioti, l;l| h‘ 7 ll pereeiiht m.w. 464 ). 

.Hlriicliiral formula for iso|:irtjne rubber--- 

/ # f 

Itir cir, cii, 

tin* w«j»il4 jmsifiMii lh*i fiillttwiiig Htriicfciirc I— 

I II, It 

I I 

5 

I ; 

■■ <r 

i / 

II t‘H, 

fiiil li* r «lttconi|>o»itiatt on boiling with 

b*rm»nu *M»ihyfln «nd lovttUnic »l(i#hyd@ 

»* »»>«b«r«lwl by th»i folUwJtig oqufttioR 
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Paulsen (“ Le Caoutchouc et la Guttapercha,” 7 , 4177,1913) 
has shown that the ozonides of various resins, such as sandarac 
and dammar, are precipitated by carbon tetrachloride, a 
property which Dubose and Luttringer (“ Eubber, Its Pro¬ 
duction, Chemistry and Synthesis,” Griffin, 1918) has applied 
to the estimation of rubber resins. Molecular weight deter¬ 
mination has shown that the natural rubber molecule is 
exceedingly complex, whilst the ozonide consists of but two 
molecules of ozonised dimethyl cyclo octadiene. It there¬ 
fore follows that ozone exerts a depolymerising action on the 
rubber molecule. 

Attempts to prepare dimethyl octadiene itself by reduction 
of the ozonide have, however, proved fruitless. 

Cyclo octadiene, the simplest of the cyclo octane deriva¬ 
tions, has, however, been isolated by Willstatter, and on 
ozonisation and hydrolysis this yields succinic dialdehyde, 
whilst on polymerisation it yields a product very similar to 
natural rubber— 

CH—CH,—CHa—CH 2. CEO . GH^. CH 2 CHO 

jcH—CH^—CHj—0H)„ 

On this evidence, supported by his previous work on the 
nitrosites and tetrabromide of rubber, Harries adopted the 
somewhat unusual eight-ring structure as the rmit in the 
pol 5 aner of natural rubber. Although Harries’ views have 
received wide acceptation, yet this theory is contested by 
several workers in the field; notably by Pickles, who ad¬ 
vances various arguments why rubber should be represented 
as an open-chain polymer:— 









f rn, I 

i .<'H t - I, 

tin* nzniiulf of whirh %v«.nl*l sisiluiiilly sl.<- I II-'-auh* 

tH 

( f) I »' I 

I i {■ Cir c U, c'l! n 

n i ' i 

^ * () 

A fi'W apjihratiojsw «if fh«* «w* *4 asr liav*' n 

iiiiMif’ in j»i't<jWilliVI* inoffiatii** rh«'itn*«t.iy. ilui** tin* «>si4atii'»n 
of iii!inya«at«*s to jirrmangflnnitc*, to 

fiifronii i*)tl«»ri4»! to f»'tri«’ i:hl«ri>lr af<* r«*a*'ts*o*» }»fo* 

wsntl WKnitlily 8nrl riH*i4iy wnH iH'* sn4 nf lln* 

|»rf*}»arfttii»« of }>i'r»mtH*n»3«u»'« !>y rn**'»»H «f jn »«iti i*i 

ptwHi'HS »«Iv»nt»s*’* li**’ «*«ial <4 

ttittMufaclHri*. 

Ai't*f4tATnts TO Asi» 

Dwinisiid m biw fn«n«l loiifiwung itt»pbc*ti«*n m lb«? 
brewery, not only to |>r»witijt the of wlvi niilioOd 

n)iero*orj|AniMtt» 4»»ring the ywoceiin *»{ ferwentfltson »«*l 
cooling of thn wort, but ulmo the refrigerating unit Ixiltlmg 
th« b»ior. By encliwure of the fernienling toni* »n4 the 
CMctido coobiw in » nmtAbte *ir ubilt high muipoiiiniiiofw »4 
0*0110 may bo »in» 4, which enunroa tho dlerihiy of the »»r »« 
contact with th® iit}iti(f. Minor applimiion* sir** foMn4 in ihr 
troatmont of fllterttig nifttssrial, iho r!*«iomng «»f rknfyosg 
chips and tho gtoriHsatictn of Iwlllwo aiol ciwslt'*. 

Acssording to V, V«ll«r (*'Kait, f. BmnorH*,*' F**b, 
all Mi«ii«ib, with th« c*oeptioti of rnblo^r goo»i*, which we 
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tr'r4.5%^'^^' 4'’;> ^ n,m‘^ ^ ilh 

II^C'* r I.r 4 '| 1 \-vr. -cA IIm’ V-fr-a,.!* i%f«» 4 ^ 5*1 ll %M# lr*t |||4 

|ln:i! «.<'a; <■ ■ A‘4?rrft.r.4 '111 4 j«'t' r i||,|r. 

ilir.|f^»ii| ll|^' r#!^v r.| |;„f |#4^t l^r,ltf I'W^f #4 

# |.^rf>’.>j .^4 iiiifpil«':«„ 

*^1&H''.a3rr»fl ti,>r |4 !?< r*a -f % i; ‘*%nu4 ^■r4rf I4,. 

Il rA II l.ltiLrg' <.j^!,s».;r4 ^4 Iw’-f-f 

%m |rA5jiif iotfellmf Willi 

5}!h 4ii fr atll^'r 'r:.|| III |«.ifr'i|||f lf#f 

r 1 1^4 im‘f8r-4 ill** riirj *4 

tat l^'is-r.' %i, ||i# 

rft4 <yj '*>1 Ml ill# 

fr f ffcrilf %|s^ r |^% Jii%l|»E||^r |i|fff' #4 

mm-*''®, rj;4rf, |w f# ;*,, H^lr %|i;4 ti.^W Ifr«jt|^4|l|f 

|rtK|,f^#i#4 I'l'Alr* lis«<* 1^- 

|»^» Iicrrjrrs|5^- r#-.fiir^4 m4^y n$ Hutir-.# #fi#| 4^'<4r|*ri* l^ll jn" ♦|i|f ll^ 

l^ii-*«r. Arr¥tf4if%|f f*r I# fVnit 
I" I# I# :it^t <|vf^ 4 *t t'|fl»#llf «pn' t4 

!■> ^4 SwI «lilt 

|»f tii m 111 * ^|<i«iililf ^4 «lli^} 
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ill III*" «|i}rit* l»til til*' l»ii^|ti«4 n 

cif |ir«whir:r<l }#y iii!#^riirti< 

till’ «4 «4;€4ri||i«tr4 s lUlttrf, vJ.)» I, 

tlir linmifil u( .Ij^rinn, 1 '^ |*r«'rs|<s!^t« 4 ||.4« !li< o| 

ijiifil, m» il w lf«';itii^**!si mi!l4 

With *nh ftmn %^‘hi'ikx^ It. l-.i >'ri, 
fmmtiln nil iiiiprJtvr 111*411 m mh.-.if ’>% #>' 

nrlifnnnl Hr#! pf^wr4 h) I.-m j 4^144 %t. 

tniii|ih‘‘tl «ii m i^iiinJi in4^ii#lrinl ht iiiiiii«4^»tifi intf'sii- 

H'fihirii, iioliihlv Ilr4j%r, nti4 iMil, ni#4 Thi 

lyi'Mi «if }i|niil. «-rii|ihrf.*‘4 h'lli^^wii 

tlit» iil#ri|i»4li»ri ttf W'it4.fr, nilirtr nprmj 

iyilt.tiiw teiii-i^* i^# iiiiitiimt4T 

till! 0^/111 i:ii4«l iiir »ii4 ilir Ii:<|«n4. F»f Ih*!? misftrgiil 

it ii IlinI ®l i«« 4<l Iilr«>« *'4 fe}i<#'filtl li*i 

titilifiril l^yf hfick'iiilr*! «f }^'|I||4 hf III*? rffliiitiiiril 4*1 

m 0 h 4 mmm 4 mf im t milmh 
m* trmimi, il in rlniiii«4* will lnircifiii? Mlf iiitintf^ m fi-itii 
imn ki Ihrmi mm%tk$. 


Ftir npint* W lili^^ th^H tiiili#»| |»r ^ 

Thm* thfM After Umlm$m lli^* ifntil m rl*#ifi«f4 ht pf^:i|iitt 
tbit wiiti m filinli<ifi ilwm'gh »iivt«hte fkiif%'ir)| 

aii 4 iiniil Aii^ih«f Mi liitrit ^4 a#* 

sti^irlAiii. The? I# frp«te4 ilif«^ #>r 

tlif! ipiril fmw^tf %md hi a hw immlh^ X^lhm ihi4 
irntmlf fmr tM umw ihm m >m 

mx iiifiitlha 


Aithqnigli Ihiw cMni* Afr 4i«|ifi*^tit #irl 

iiiwltraJ ijf rnpyiy tsAlttriiti mmm% ^%fi4f %|i,#ii# m* ♦-ilJ 
urmi mi^rnie f«l il 1#^ r^44rmr4 Ili4 
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apart from the fact that no process of industrial ageing on 
■fctiese lines appears to be in actual operation, ageing is prob- 
aloly not entirely a process of oxidation but results from a 
great number of chemical reactions produced from enzyme 
activity taking place but slowly in the wine. Probably not 
the least important are the proteoclastic ferments effecting 
the gradual hydrolysis of the small quantities of protein sub¬ 
stances present in the liquid. 

A useful field for the application of ozonised air is to be 
found in the preservation of food, especially in connection 
■with refrigeration. 

For the prolonged storage of fresh meat it is necessary to 
maintain it at a low temperature, in order to lower the rate 
of hydrolysis both proteoclastic and lipoclastic produced in 
■fche meat by the naturally occurring enzyme. At normal 
■temperatures meat can only be preserved for a few days 
■without its quality being seriously affected by such changes 
occurring. During storage and transit not only are the sub¬ 
stances subjected to internal attack by the natural enzymes 
bxut frequently external sources of contamination are to be 
f o-und, especially flies and air-bome micro-organisms. 

Thus maintaining perishable foodstuffs at a low tempera- 
■ttxre and in a sterile atmosphere ideal conditions for preserva- 
■fcion obtain. Several large refrigerating warehouses and ship 
holds have been equipped ■with ozonisers on the air-circulating 
systems. 

We have already alluded to . the enhanced efficiency of 
ozonisers at low temperatures, hence the conjunction of an 
ozoniserin a refrigerating system is a particularly economical 
installation. 
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Iipiwii r'ilctrfiit*iti sifi4 tht^ l^iii^^r iiitriv<.<“ }4:!ir' 
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Mifilliciii iiiif l« ttii^# id the- fiiltowiilg t«t wliigli 

iiifliiatt III# of msium 1 Hiitrr ftiii it «ii«iirr4 I4«r|| 

by llm fortitMititi of itm mmmhmi iifi»t«.blif mh^^f ^^%i4r m 
III# immtim of ^mm; hydmgm iiil|iliifl<s will, «»f mnmy 
form a iiilfihiil# wlo»tioii #«iiis#wii*l iiitiilsr l« ilisi tif 
oxkir; ii?a#! fimpitT f4 

gro fnilfitiiib; wliil^l 1#^ *iil|iliifl#fitifw^r i« }*b lir<i i j 

ftiiil li| 4 rcig«ii ^»sid#owtog locoiiwttoti iitl-^i ii 4 
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‘.*3- i IlMi..' 

%f lU r r M. mo. 4 », mi, W07, 42 , 3948, 1908) 

ij..?, , ih i? -sH'-i s* »*sir«'m<'ly si!n«itiv«3 to the preHtmee of a 
lij.-t.ilh.- !r<«n sf* l■«l!alyli« ag«nt, a coloration is easily 
J 1.-, (! 0 | ji. r t’l-iil, ozonn, and ho clturaH this to be 
HI r* ,< sshit .v.- thimi t!»i< Mramcthyl hmn paper. 

M i tMiiphnu* }nipri'i,'imlod filter {lapers turn brown 

s<i ih< jw* «< iH * of rizHisp, fhif> to the formation of MogOa. 
yi M\ 3 ii. limy, of r«air 8 «, he foriiietl if any alkali bo 

pr. v sjt s!s ih*' i'm .»’ 54 Jiojuioiiia, and this in turn will undergo 
3»iu>o.|ih<ri-- ■osj.haoit! In the nolmired manganoso oxide, 
Jit lie pr« lif light (Datihary, “ s, 

I. «i»?<!*hs»« eonverltsd into the brown thallic 

hy the s*i-lioii »»f fizone, Nitrous acid is without 
«If- 1 e, 4:je < lijr ininte and nitrate of thallium are not coloured. 
Hal'ig* J» i and hydrogen anlphide, however, produce a brown 
the former dun to oxidation and the latter due to 
<-r*n into a e^itoured sui|jhiile. f>arlK)nio aoid present 
in the gni. lo In detrctf'd tmiisifi a conskhsrablo decrease in 
of H.allotiH oxide paper owing to conversion to the 
fc^ifufwha? niMihihle carlainate, 

Var's<o»s iiiventigatm#, notably Poey and B4rigny, have 
Ih- a in the form of long strips in a suitable 

rr< (*»r the contiiinotis detection of oxono in 

gsi»wfn }*y lowaiei of » auMple ebaskwork iwcapeinent a small 
pi. re .4 a rihlsrn «.f iittpregnatixl paper is oxi»os<’d to the gas 
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tlir* friliaWlllil Um^ r|!l’p?r it- 3 r litii**' *M 4 t* '!< fi'r' 1‘4 

iiufi! tii»i toi w|i|i ,v rt-^h 1<-.> i <■ 

lilllCtll^'ili'ilfl#* ffum -H 4 %^h* Vi lh<v 1114 <4 

cr/.pfp^ m tieiiiir^illy | t'-|-^<'fts 1,4! i- f/ara^' ; 

rif II <4 #-l^iri4ipl r-^4-‘-.^iirt 431 .1 r.i «4 )& :lip 

far .n %3i4 lias*: It \%«4i!4 

^I'lfitmr ili^t' III*" hmwf i^fr^tnU rr:'€iiiii,if. 

It m tlmi^ hnnmn 11 ^ l*'^t ilia^ if*4 

Iwit’ ^ Pllllpl*^ lll^?c|imiiir«| r:=iit|lil 

fttl**4 ta mnk*f llp^ aii4 ii^*^i 

ifii*r* 4 y !4isiii4|iii-cfii'i4ifr' III i-ciiaii f^»# r'i:#tii|4**a il*<? 

cliifttmim^ ill P4l«?«liti4 4»f *4 ll^*}li'jriii 

iiiiflii Ti|^4« ii:4|IiI 4 tp** in»4if' la m ^y^unm *4 

MMttmm wr 

(m) ltd A M 0 ih^.---‘Unmm^n m#ilic 4 p«i <4 «'»iiii»iiii^:af/ttir 

Ilf ttif^ lil^tmlp'tfi nf mu iw|i|itt!#fii ^^4 ifii:|i4#'' |p>ifi * firtitry 

fgiluliafl tif pil^ftllitl N ll^.a* f>#|i|.tlia|i 

<I| fKI ♦ % 4 ll/i ^ ^iKilll # I, -I 

foltnw#^ Ilf li^li tilrmlipw i4ifi^ili«» ^'itli ^^4iiiiii 

IhlOitllplitti# nr lwi4lttlll l|fflf^#»ll %t|i|>||t|«&^ i|iPi|| il^trl> mn 

miimt^Wt !• m pt# tli# 

fiirlli*^f of lt» li^:fil^ icjiti^ iiila ffwlil#f, i.«rfil#< 

mi p«?rin4t^ ”Tbnifi!tc|li MNn.tfil*/' ti# 

|fi§, IfMlI). %Viilt ^ <4 i^**fi4r »ial Ilf 

i fciiglillf P*id rff it 4t|r f.'f ilir 

fariiiilriii nf ia4 w wil i« 
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!, j»»mxid«* i« fonnitd under these condi- 

ivn ■ l!< r .■■ V., 34 , 11 hi. 

in, *. HiHi r.f, 411^0 + 30 , + ha, 

mid *J*!| .i »,h}*hl lr»»« may rifsult, due to interaction of 
fj*. 411,1 ih,; hydrof»»!f» {Niroxidft thus formed— 

* 


Oi. f, tolti* irc usually »<»iii«!wh:it his/her than those determined 
1,1,' | 4 h> '»i'- il which we will shortly refer to. Laden- 

hiirj? ('* Iter, jd. 111, HN) 3 ) ribtained excellent results by 
IP-fttmumg tlw* »'sl«fi«lir»n in the reverse manner, viz. passing 
ihr»»«ii»li ittandardised sotliutii hydrogen sulphite and 
hiwk otr*t»fij4 With Atandard KKUni; Holution, 

liiidc* I - ' lOHi. imi) showed that the acid 

im llMwl mvarwhly gave high resulti, noutral solutions 
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is|' MTIttrilOS AN’r> ANAriYSIH 

a Vh.oni, ♦ O, + 3H/) « aA8(0HV 

45|i|S*- 1 ^'-hiii'.i! <4 arsfiiiitt) is prepared by the 

.hit v. ii <4 iirin pntftnsinm bicarbonate, and after 

f^Aritv n i Mi;»«4i»r«ljH*'rl l»y iodine solution, using starch 

11»<: « 4 ajr w m« terod after almorption of the ozone 

in* j«<.i.it»!i,ssun p»4}«b< or arsonions acid solutions (I wash 
b iitb' I'i ft i4 for i>m How rates tip to 10 litres per hour); 
f I |jj|.*!s« r sl tiv mti-« a j'rcatir number must lie employed, 
ft. i:i t’ii« f' !/•)/<*««'," ji ri:K}) statos that five I4itre wash 
.« i»tv atiipb' up ls» fiilin btri'S per hour. 

, oii jjiariilmiis «r« usually osprimsed in grammes 
prt «'iibsc iin ir* *4 atr. ft will Im noted that in the case of 
ar*s-'ni<s»i» «»-54 absorption the equivalent volume of oxygen 
}« «f4 r« uiirn<-4 t<» th<» gas, as is the cwte in alisorption by 
fin »n» «»f p<<i«#sjnm and eonsm|iwntly in this case the 

«niS< rs a 4it»iinitfMn in volume when passing through the 
#b»jrb<'r», ila-i r4»rr*«iioti, however, is but a small one (4'8 
l» f cmIuc mctr»’ w«»iild give a diminution of but 
II 2tH ^1^4^1114 

(*'■1 Iiavi4 f’fMi ;* idii. 4;f0. Mft7) suggests the use of 

^ fitf prtt* aiiniianinin aiilphate solution, slightly acidified 

vntb ^olpfninc aci4, aa aWirhent; back titration is aceoa- 
j4s«li*-4 wult i^iiiiPium p«rtiiang^w»te. It is stated that the 
»(4,ioti-<sM la iniaffiar.ieil by air at this cooeentpatiofi. 

i4i has made use of a barograph 

I li.» <4.iaM»!n},* a riuitinMoua na;<wd of the density of a stream 

; ,4 air. It m claimed that the apparatus is extremely 

'll' 
h' 
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i 
I 

f 








lt?.uKr, 


KciiMitivi* owini; U» thi* sn 

rmoiu' iiinl «ixyyi'». Tin* «;Mn« mvrfil^yiior »1 'm ri--’. i«>>I >% 

(!ilatuin«t«'r f*ir ilii* r luiisUiun »4 »•?.«»!«' I<a'iv<j tij» fu ?}i< jti. 

pri'iiHiJ of vohiiii*! ivliii’h o;»ar}>« ^vh'-n ti» 

thormal (isui'diiponitoits. A -M «■ r llwk. i» lo « 

} 4 m 4 tiat«!il n« «'k, n at atjn(i?»j«hrr3<' pro*iwi l .» jjivN n 

tj5JH}x;rstiirowilh <:h»? o/,niijw-4 osyjjoji. Th*’ ?=* 4nvrrl*'4 

mi 4 lli« ^ra4u!iti.«l not k i s miiiii ui a no iniry I no! 

thn u/.t»no in shon l»y h***! amyl 

fli.p. *2*51 C.ilms bmi foom! lo !«* a ««!<■,lam-*' |..r 

thin jiiirportti ijicreano in VfilHim* wflt'r !a th*- 

origina! teiiijn’ratur'! a»4 lo (ho 

in no(»*4 aiol tlioneo liif* «:anl«ai( *»t (h** Man »'■»)* !»' ra!- 

esilatial frotH th«* - 

. 0 ( 1 , ** lUif 

(itto furOmr 4'*viiti'4 wi optioal iuoIIvkI hjiJnsA «iri thi-pm»«:»p|o 
of thR tintoirifitor. tiiorc fi'CRnlly «|i{4ind !»f I#ovil»r.is4 asniiliir 
ptirpHtrs. A (NiiriRs* of Rolotirod ro!^il<l4iti* jgliiiSM • **■?<■.« iw 

utandarda of (sompariiton with a l»ih« of dofirtiti* *»f 

o}»r»!»ji‘<! air or oxynoa Mti4»f ataiidard pofii4jlo«>i* of i» 
ttiro and prm«iir«. 

F. Kr!i{|«!r and M. Miwllor ('* Fby»il(, ly, “J'a., !*.(!',*) 

havo th«i (ti«!»wiiretM«int of oj^jiwcfjntjoniriiijiom t.y 

Hit! ahnorptiuii at tiltra*viol«4: Jighl, llir niaaioitiiit 
iion of Mlira-vioidt It^ht by *«s<*«o la frntttd in (lor *• 

iKMJ to 3*K) fift, «M{M^iAily *l A ** ‘J.%1 Amardmg kt 
law tlio afaK»r|rtion cij«Wci«nl may «»|»r*«i»ii»s4 »n lti»!> foriii 
I -« 1/ or log I — log I.. wh«!ri? H th«* sint.al Oih si 
»ity of tb« uilrA-vi0lf4 light, i Mu* mtoioniy 
tioii by n layrf of oisoniwfd oxygan «l cma Murk »;o«S4o»sr«#; 
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,• r . ui.u- |,M tr.% K th« Absorption coefficient for 

.. r.< , tKv... «n,|,.r ilbiminatkm in a tube of con- 

h-ii./th, th.. ..,^* 1 ..-r«,nrj»»tration m proportional to the 
; i ih.- sM-ji aty of tb« fjiiMsrKimt ultra-violet light, 

4* •.< tiu,r.< I I y Oi. in,4 of a jw 4 »«iHfn photo-electric cell. 

\ n. f »4 . s- ii„ of physical »naly«ig have, however, 
r*. . ! ?- Lj , .4 ,,ppb«-ation. reliaiiw* having usually been 

| Ja'<t<-4 , 1 iH‘ !ij<*44n'»isi*n of the k>»litievoittiaistric method. 

rij. ..n »■>».». <4 ••ontaining ow»no am! other oxidising 
I,;. »?, h•^. o.-. o sJo of mvwsligatioti by Tommasi, as 

- »f3', n.x, '■■ «*l»'-.5u, NVw^ Mi0, ‘jiD, Ig74), 

oioiojiooii (litoiii! and chlorine or nitrous acid 


a»«' p<»as-<-4 iivio « }i'»riiiai wdutHin of pritansium fetrocyanide, 
ao<t ih>- t<.i4 p.m'*T dotertnincd by the conversion 


1 % llirli tl*'»l tllutlltllltt 


Aiifithir {Kiiiioti of the 

blwik, or through a hot 
















1HH 

vn, 4 2CI, Iftllo « 11,0 I tl,, 

I|. thiii tlli*. -*4 i /.Olir «'i !'Jliritju!, 

Illillllfc bl* i*» ttl«^ .*jf i"b'r!rir:il Irnk'i 4ti4 

fiiHt'liiiri.^^ ill iti!iiii<'|H t}in5ii|,»li %v}iir|i i!ihiiliiir4 u^k^h-u h 

r»!iftn 4 eiitilr^i iiri* hn\ ili*’ f#< 4 «rhlw‘r^» Hiinj*!' ii Tiihim'!), 
m Ilii' iilil«'^^lltlt fif fiieufi** ri*Hi|ltiii|,» fr^^iii tl:i-r «4 tlirf 

iiir in ill*' Umm^ 4ii i4r'ii ii.*i i-u iln''^ 

iiiii|^nittit|«^ «4 i4*'^ririrtil 

An iii?driiisi«4it tin-' j^’b-i'iinn mi4 ri4:iitiati<ifi i-if 

mimv, III wjili"r wm yriirii iiifo by t’ 

iitifl Ilif* iinllinr f * An Klf''idr«^rli*-iniail Iiifiimn^-r 0.^i4n4ii|| 
** Tin* Ann-lyd,*' Aii||ti%i, l*'ib'ii 1lii^ r4,rj^-4-.|i< * n. 
iiiiily id Ii i4iiifiil ri4l frirni*j4 fiy ^ |.il4tiii«iiii ■ iifi4r4 

by II i*fi|i|is'“r Tin-* w%lm i^^mimumg lli*- 

tiirniijlli Um iiniiiinr Bpmm tin* }ii.'fitiii«ini i*ii4 titr- 

crippnr iit ii gmul riil*% nii4 fmttm llin f^li-rtr^ilytr #4 lip^ r^ll, 
wliikt tin' jilsiifiiiiii ml mti4 ihn r«|ifw filing f^iriiiitig iln^ 
i4t*rircwirfi tif liiti mil aril l-^i a iiitrrimfniind4*r «r 

llir«'iifl r«wrilnr, In liw *4 any • .unlitmi/ iti 

tlii? %fttinri tip? »tfiii!i ep!I rmfiiillf iIp* ^ nrr^'iit 

flijwirin liirciiigti Itin tiiier«aitiiiii?t:iir drt*K ami lti<^ 

jiluliiniiii Iwmmim cliarfintl wiili Iiy4r^«l|rii i«t 

ifi*^ i*l«'’it.lpilytir minium pri^taiirn r4 llir iti 

Mn«i pnirnhy wiititfi atjnaiilily ni ffli%iiiis%r*| t'» 

iiiiikr fill* iiitnriial nf lli« rttfl «iifli«’n'iilly 

priniiral fi|irriilififi* Ott l|i« i^liiili«iti «f any 
tn tin* mairr* tlift i!«41 in fmrtiy «lr|Kil«.ri«4 l#y ilir intini#! *4 
liv^lfipn-ii Irriiii llin pltliiiiiiii i4rclfri€l«n a.t«t tlif' ^4 i*i* 
iiiMi’iil *4 Iiy4rr»^ftfi liy Ifiii iir^tin in rin iln# 

tiiiliif Irr 
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Since 96,540 coulombs are associated with 1 gm. equivalent 
or 8 gms. of ozone, assuming the electrode reaction— 

60 © O3 = 30 ", 

this quantity passing through the cell per second would 
generate a maximum current of 96,540 amperes. If the 
liquid flow rate were 1 c.c. per second, a fairly normal rate for 
the instrument, one part of ozone in 10,000,000 of water would 
correspond to a passage of 10'“'*' mgm. of o^one through the 
cell per second, equivalent to a possible current of 12 x 10""^ 
amperes. It is, however, evident that all the ozone cannot 
act as a depolariser, since half of it at least is wasted at the 
other electrode, and for convenience of operation the cell and 
flow rates are not so proportioned as to effect complete re¬ 
duction of the ozone in the water flowing through the cell. 
In actual operation the recorded current is about 25 per cent, 
of the theoretical maximum. The instrument is remarkably 
sensitive, easily estimating or recording one part of ozone in 
10,000,000 of water or *00001 per cent. 
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Oxides of metals, 33, 34. 
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Ozobenzene, 169. 

Ozonates, 14, 137. 

Ozonio acid, 14. 

Ozonide peroxides, 169. 
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Paints, 161. 

Palladium, 36. 
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— effect, 119. 
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Physiological activity, 164. 
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Pre-treatment of waters, 148. 
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Static transformers, 97. 

Storms, 21. 
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Sulphuric acid electrolytes, 67. 

TANIfTBRIBS, 168. 

Temperature, influence of, 46-62, 68. 
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Tetrabromides, 176. 

Textile conditioning, 169. 

Thallous salts, action on, 181. 
Therapeutic uses, 166. 

Thermal decomposition, 82, 111, 184. 
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